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PSEUDOHERMAPHRODITE AND NORMAL CELLS 
Figure 1 


A—Section of testis from male pseudohermaphrodite showing small, widely scattered semi- 
niferous tubules and large numbers of Leydig cells. 150.).8-+Sectiomef normal.testis.irom 
a pig of similar age and weight. (x 150.) 


SEX ANOMALIES IN SWINE 


E. F. Jounston, J. H. ZELLER, AND GEORGE CANTWELL* 


NUMBER of animals with anom- 

alies of the sex apparatus have 

appeared in our swine herd at 
Beltsville. Most of these have occurred 
during 1956, 1957 and 1958 and belong 
to a series ; that is, they are related, and 
the condition appears to be inherited. No 
two animals have been exactly alike, but 
there are two general classifications 
within which most of them will fit. Since 
a thorough description of each intersexed 
animal would be tedious, they are con- 
sidered in groups, depending on whether 
their gonads consisted only of testicular 
tissue, or whether there were both tes- 
ticular and ovarian tissue occurring in 
the same animal. One animal had no 
gonads at all and no uterus. Cryptor- 
chids are discussed briefly. This classi- 
fication is made only for the sake of con- 
venience in describing the animals. We 
will call those intersexed animals having 
only testicles “male pseudohermaphro- 
dites”, and those having both testicular 
and ovarian tissue “true hermaphro- 
dites”. The term “intersex” is used for 
either type of hermaphrodite. 


Male Pseudohermaphrodites 


One animal in this classification is de- 
scribed, and the others are tabulated. 


Pig “B” 
This pig was a purebred Yorkshire 
which had been selected as a breeding 
gilt. It was observed exhibiting male be- 
havior in May of 1956. It would ride 
gilts in heat and a penis-like organ would 
protrude from the vulva. In addition to 
the sex behavior, the pig was aggressive 
and would attempt to bite humans. 
When the animal urinated, the urine 
was directed upward and was excreted 
in spurts. The vulva had the typical fish- 


hook shape usually seen in these animals 
due to an enlargement of the clitoris. 

At slaughter, the reproductive tract 
was removed in toto and weighed. The 
whole tract weighed 15.45 pounds. Most 
of the weight was caused by a serous 
fluid in the uterus and by a small amount 
of urine present in the bladder. The 
whole tract was photographed (Figure 
24). Two testes were present which 
weighed 93.30 grams. They were attached 
to the oviduct near the junction with the 
uterus and some of the tubules of the 
epididymides extended well into the 
uterine cavity. The epididymides weighed 
33.40 grams. Two organs which ap- 
peared to be ovaries on gross examina- 
tion were large and consisted of two 
parts each. No large follicles were ob- 
served, although there was a body which 
resembled a corpus leuteum on the right 
organ. Structures resembling small fol- 
licles were present. The organs (both 
parts of each) weighed 24.35 grams. The 
two adrenals and thyroid were normally 
located and their sizes were within nor- 
mal limits for a pig of this size. The 
vulva area was dissected and a penile 
organ about seven inches long when 
straightened out was found. The urine 
was not voided through the penile organ 
but through the vulva. The penile organ 
was adhered to the upper side of the 
vagina. There was a bifurcation near its 
attachment and this fork is plainly visi- 
ble in the photograph (Figure 24). 
There was a nipple-like structure just 
posterior to the navel (Figure 2B). 

On histological’ examination the tes- 
ticles were found to be slightly atrophic 
and contained no sperm or spermato- 
cytes. No spermatogonia were seen. The 
ovarian bodies were not composed of 
true ovarian tissue. Sections appeared 


*U. S. Department of Agriculture, Swine Branch, Animal Husbandry Research Division, 
Beltsville, Maryland. The authors are grateful to Dr. H. O. Hetzer for his critical review of 
the original manuscript and for his helpful suggestions during the course of the study. Acknowl- 
edgment is dué to both Dr:Hetzer and Mr. J. W. Stevenson for making some of the anomalous 


animals available to us for study. 


‘ 
| 
255 


The Journal of Heredity 


REPRODUCTIVE “ORGANS OF MALE PSEUDOHERMAPHRODITE 
Figure 2 


A—Reproductive tract of pig “B”; B—Nipple-like structure just posterior to the navel 
on pig “B”. 


more similar to the lymph glands. Small 
areas of the nipple-like projection resem- 
bled mammary tissue. The adrenals and 
thyroid were normal histologically. 

The carcass was condemned by the 
veterinarian in attendance and was de- 
stroyed. There was no evidence of boar 
odor, although such an odor might have 
appeared if the meat had been cooked. 

Backfat at 176 pounds was little differ- 
ent from that of its male and female 
littermates. Rate of gain from weaning 
to 140 days of age was 1.2 pounds per 


day. Its barrow littermates during the 
same period gained an average of 1.3 
pounds per day and its female littermate 
gained .£85 pound per day. The pig 
weighed 218 pounds when slaughtered at 
216 days of age. There were no pros- 
tate, seminal vesicles, or bulbourethral 
glands. 


Other Pseudohermaphrodites 

Pigs “A” and “C” were obviously 
hermaphroditic at birth and were de- 
stroyed. These were not autopsied. They 
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Johnston eg a/.: Sex Anomalies in Swine 


were classed with the “male pseudoher- 
maphrodites” because all other animals 
obviously hermaphorditic at birth had 
only testicles. 

It may be seen (Table I) that all these 
animals had a nipple-like organ just pos- 
terior to the navel. In two animals, a 
tough, fibrous tube extended from this 
organ to the anal region. This tube may 
have been present in the other pigs and 
passed unnoticed. Four animals had 
seminal vesicles, five had prostates and 
one had bulbourethral glands. All except 
one of the animals had uteri, and of 
these, six were distended with fluid, indi- 
cating that there was no opening between 
uterus and vagina. Five of the animals 
had cervices, although they were small in 
some cases. Two of the animals, “T” 
and “W”, had one testis each in the scro- 
tal area. There was no spermatogenesis, 
and histological examination revealed 
that there was no germinal tissue in the 
tubules, only Sertoli cells being present. 
Leydig cells were numerous in the inter- 
stitial tissue, (Figure 14). 


True Hermaphrodites 


It is unnecessary to describe any of 
these animals in detail, since they were 
all very similar. In contrast to the ani- 
mals in Table I, only one had the nipple- 
like structure behind the navel. No pros- 
tate glands, no bulbourethral glands and 
no seminal vesicles were found in any of 


TABLE I. Genital organs present in male pseudohermaphrodites* 


Uterus 
distended 
with fluid 


Pig Uterus Cervix 
A not autopsied 
xX 


not autopsied 


xX 


x 
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these animals. None of the uteri was dis- 
tended with fluid. All had vulvae, vagi- 
nae, uteri and cervices. None of the fe- 
male organs deviated very far front the 
normal female condition. In fact, the 
only exterior sign of abnormality in these 
animals was an enlarged clitoris in some 
cases, and the nipple-like organ in one 
case. In some cases, hermaphroditism 
was not suspected until post-mortem ex- 
amination was made. Table IT will show 
only the gonadal configuration. 

It will be noted that where testicular 
tissue appeared in only one gonad, it was 
always the right one. 

We have seen two other anomalous 
animals, one in 1944 and another in 
1949, which are not members of this 
series, and which are not described here. 
One had two ovotestes, and the other 
was not autopsied. 

In this series, we had one animal, 625, 
which did not fall into either of the clas- 
sifications mentioned above. It appeared 
to have testicles in a scrotal pouch below 
the vulva when very young. At slaugh- 
ter, however, no gonads at all were found 
and no uterus. The vagina functioned 
only as a urethra. Number 62S was a 
littermate to hermaphrodite “L”’. 


Cryptorchids 


The inheritance of cryptorchidism 
has been worked out by McPhee and 
Buckley’. They found this condition to 


Bulbour- 
ethral 
glands 


Nipple-like 
projection 


Seminal 


Prostate vesicles 


*All of these animal: had two testes and epididymides. In some cases there was a suggestion of ovarian 
tissue.on the left gonad, but histological examination failed to confirm it. 


All had a vagina and vulva 


and an enlarged clitoris which resembled a penis in some respects. 
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be controlled by a sex-limited recessive 
gene. Our data support their conclusion. 
In affected litters produced at Beltsville 
in all strains in the last 15 years, the 
proportion of cryptorchids to normal 
males was 107 to 323 or almost exactly 
1 to 3. However, there were 21 litters 
whose parents were known carriers in 
which no cryptorchids were found. There 
were 72 normal males in these 21 litters. 
This discrepency may be accounted for 
by the fact that some of the pigs were 
disposed of before castration. It is also 
possible that, even though a pig were 
homozygous for the gene, the condition 
did not appear. 

It is also possible that some of the 
sows which produced cryptorchids were 
themselves homozygous for the gene. If 
this were true, one would expect the 
ratio of cryptorchids to normal males to 
be higher in affected litters. One pos- 
sible explanation is that homozygous fe- 
males might be sterile. Certainly many 
non-breeding females are found. Whether 
their sterility is related to the gene pro- 
ducing cryptorchidism has not been in- 
vestigated. 


Genetics and Discussion 


A chart showing a partial pedigree of all 
the anomalous animals is presented in Figure 
3. All of the original animals and those ani- 
mals introduced into the line in later genera- 
tions were purebred Yorkshires except for 
those animals marked with single or double 
asterisks. Purebred animals introduced into 
the line in later generations are marked with 
the letter “P” on the chart. Animals marked 
with a single asterisk were gilts of mixed 
breeding, and those marked with a double 
asterisk were three littermate Duroc boars. 

The top line on the chart shows the 12 ani- 
mals to which all of the purebred Yorkshire 
anomalous animals trace in one or more lines. 
The anomalous animals of mixed breeding 
trace to Yorkshire boar No. 8 and Yorkshire 
sow No. 9. 

The original and introduced Yorkshire ani- 
mals were obtained from various sources. 
Animals 2, 6, and 11 were littermates obtained 
from a farm in Canada. All of the anoma'ous 
animals of Purebred Yorkshire breeding trace 
in one or more lines to one of these Canadian 
animals. Animals 4 and 12 were littermates 
obtained from a farm in the Middle West. 
Original animals 1 and 9 as well as introduced 


animals 22, 24, 29, 30, and 40 came from 
various American sources. Twenty-two and 


All the rest of the origi- 


24 were littermates. 
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nal and introduced Yorkshire animals came 
from a farm in Maryland. These were 3, 5, 
7, 8, 10, 23, 61, 65, 66, 67, 72, and 73. There 
were various relationships among these Mary- 
land animals. Twenty three and 61 were litter- 
mates, 65 and 66 were littermates, 7 and 1 
were half sibs, 5 and 10 were half sibs, and 
there were other relationships among them. 

The chart presents convincing evidence that 
the intersex condition is inherited in these 
pigs. Just how it is inherited is more difficult 
to determine. In litters in which intersexes 
appeared there were 88 normal males, 1 crypt- 
orchid, 26 intersexes, and 94 normal (?) 
females. Number 62S is counted as an inter- 
sex. The question mark is used here because 
many of the apparent female littermates of 
the intersexes were not autopsied. We found 
that we could usually detect “male pseudo- 
hermaphrodites” from behavior and external 
appearance, but many of the “true hermaphro- 
dites” were not suspected until post-mortem 
examination. For this reason, our ratios may 
not mean much, since we may have missed 
some anomalous animals. Even so, the ratio 
of affected animals to either normal males or 
normal (?) females approaches 1 to 3. This 
would indicate that we are dealing with a 
recessive gene limited to one sex. Certain 
observations, however, indicate that this may 
not be the complete explanation. 

When Maryland animals were mated among 
themselves or with other domestic Yorkshire 
animals, no intersexes appeared. However, 
many cryptorchids appeared among descend- 
ants of these animals. When Maryland ani- 
mals were bred to Canadian animals, inter- 
sexes appeared in the second generation. When 
descendants of Maryland animal 8 and Middle 
West animal 9 were bred to mixed animals 
with no Yorkshire breeding, intersexes ap- 
peared in the first generation. When descend- 
ants of these mixed animals were bred to 
Durocs, intersexes promptly appeared. 

This makes it appear that the recessive gene 
may have come from the Maryland animals, 
but that some other gene, possibly additive, 
came from the Canadian animals, and that an 
identical or similar gene came from the mixed 
animals to modify the effects of the recessive 
gene. If this modifier were additive, that 
might explain the difference in degree of inter- 
sexuality noted in our animals. 

One question raised by this hypothesis is 
why we have seen no hermaphroditism among 
our mixed animals nor among our Durocs, 
since both stocks must have had both the 
recessive and the additive genes, if our results 
are interpreted in terms of the hypothesis. 
Ordinarily, a question like this would cause 
the hypothesis to be discarded immediately. 
However, we have found in some of our hor- 
mone work (unpublished) that Durocs do not 
react to levels of certain androgens which give 
striking effects in Yorkshires. The action of 
our postulated genes for the intersex condi- 
tion may also be dependent on the remainder 
of the genetic constitution of the animals 
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carrying them. 

Vhether or not the hypothesis given is ten- 
able must be determined by evidence not yet 
available. 

There is a possibility that the intersex con- 
dition is related to cryptorchidism, The chart 
shows that animal No. 48 sired cryptorchids, 
“male pseudohermaphrodites,” and true “her- 
maphrodites.” In another case, a cryptorchid 
appeared in the same litter with two “male 
pseudohermaphrodites.” It would be easy to 
explain these observations if the intersexed 
pigs were assumed to be genetic males. One 
would only have to assume a delay in the ap- 
pearance of a male sex stimulus (discussed 
by Crew?.3). The work of Jost® on rabbits 
has shown that male animals castrated in 
utero before a critical time in development (19 
days aiter conception in rabbits) develop as 
females. One might postulate that the crypt- 
orchid condition is caused by a recessive sex 
limited gene, as indeed it is, and that a modi- 
fier would alter these animals still further in 
the female direction causing various degrees 
of intersexuality. Crew considered his inter- 
sexed animals to be males, since they had only 
testicular tissue. 

New light on this problem has been made 
possible by the work of Barr and associates 
(cited by Cantwell, et al.1) at the University 
of Western Ontario, Canada. They developed 
a method of determining the genetic sex of an 
animal by cytologic examination of intermitotic 
cells. An adaptation of this method has been 
used by Cantwell, et al.!, to determine the 
genetic sex of six of our intersexed animals. 
Three of these were “male pseudohermaphro- 
dites,” two were “true hermaphrodites,” and 
one had a testes on one horn of the uterus and 
an abscess on the other. Only nervous tissue 
was found suitable for sex determination in 
pigs, and none of our other intersexes could 
be assigned to a genetic sex because suitable 
tissues were not taken. All six of the animals 
examined were found to have the female type 
of sex chromatin. 

We cannot say that all our intersexed ani- 
mals were genetic females. It seems probable 
that they were, however, because apparently 
the same genetic mechanism was responsible 


TABLE II. Gonadal pe of “true hermaph- 
ites” 


R gonad 
Testes & Epididymis 


L gonad 
Ovary 


Pig 


Ovotestis & Epididymis 
Testes & Epididymis 
Ovotestis & Epididymis 
Testes & Epididymis 
Ovotestis & Epididymis 
Still living 
Ovotestis & Epididymis 


Abscess ? 
Ovary 


Ovary 


of Heredity 


for all our intersexes. It is hard to see how 
the same mechanism could alter one sex in one 
direction and the other sex in the other. 

We cannot call the mechanism responsible 
for our intersexes sex limited except in a 
limited sense. It is true that the intersex con- 
dition itself is apparently limited to the female 
sex in our animals, but the effect of the same 
genes in the male is not known. Most males 
were castrated and no testes of any males in 
this line were examined histologically. The 
histological appearance of the testicular tissue 
in the intersexes is very similar to that of 
humans who exhibit the Kleinfelter syndrome. 
According to Danon and Sachs? tubules are 
few and scattered and usually contain only 
Sertoli cells. Leydig cells appear more numer- 
ous in sections than in normal testes and. have 
a characteristic grouping or clumping. Whether 
the same number of Leydig cells are present 
in a smaller testis or whether there are actu- 
ally more Leydig cells present is unknown, 
but they are certainly more concentrated in 
the testes of the intersex. 

The Kleinfelter syndrome has a_ familial 
incidence®.10,11, and is probably inherited. It 
is reported to affect both males and females. 
There is also some evidence that other types 
of hermaphroditism in the human are inherited. 
Among these are the adrenogenital syndrome 
and a chromosomal abberation which causes 

“testicular feminization.” According to Danon 

and Sachs‘, this latter condition is inherited 
through the female line and would not apply 
to our cases. The adrenogenital syndrome 
would not apply to our cases either, because 
adrenals in our animals were apparently 
normal. 

Our cases could well be due to a Klein- 
felter-like mechanism, although we have seen 
no conclusive evidence that the condition affects 
males. We do, of course, have the cryptorchid 
condition in our males, but it is unlikely that 
the genes causing it are the same as those 
causing intersex. We have noticed a few boars 
kept for breeding which had small testes. They 
were discarded on that account, but their testes 
were not examined histologically. 

Hughes® found evidence which led her to 
believe that an intersex condition could be 
caused in female swine by an anastomosis be- 
tween the blood supplies of the fetal mem- 
branes of male and female embryos. This was 
found to occur in cattle’ by Lillie? producing 
the so-called “free-martin” condition. This 
occurs in about 95 percent of the cases in 
cattle where a female is born co-twin with a 
male. Some question has arisen on the free- 
martin theory because at Beltsville (unpub- 
lished data) animals resembling freemartins 
have occurred in single births. This may indi- 
cate only that there was an early abortion or 
resorption of the male twin, or that these single 
born intersexes were caused by a different 
mechanism. 

If the freemartin mechanism is responsible 
for the intersex condition in our animals, the 
mechanism must be genetic, that is. the 
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anastomosing must be caused by genes within 
the feti themselves, because the intersex con- 
dition is clearly inherited. If this is true, is 
the gene for anastomosing present in both the 
male and female feti? Would an anastomosis 
be expected in these litters also between feti 
of the same sex? Since there are usually sev- 
eral animals of each sex in a litter of pigs, 
would not the relative position of pigs of the 
two sexes in the uterus affect the ratio of ani- 
mals showing the condition? These and many 
other questions must remain unanswered if the 
freemartin theory is accepted. 

Danon and Sachs* state that “male pseudo- 
hermaphrodites,” that is, intersexed persons 
with testicular tissue only, all have the male 
chromatin pattern, except certain cases of 
Kleinfelter syndrome. Our results in pigs are 
contrary to these, unless a Kleinfelter-like 
mechanism is responsible for the intersex 
condition. 

The Turner!? syndrome is the name given 
to “ovarian agenesis” in the human. We have 
seen one case in our pigs where neither gonads 
nor uterus were present. This animal was 
No. 62S, a littermate to hermaphrodite “L”. 

Endocrine upsets of the sow can be ruled 
out as a cause for our intersexes, because 
under such conditions, all females in the litter 
should be affected. In the sows that have 
been autopsied (only a few) no evidence of 
such an upset has been found. 

Histological work is being done on endo- 
crine glands and organs of our intersexed ani- 
mals, and if the results merit it, they will be 
reported later. 


Summary and Conclusions 

Twenty-five intersexed pigs, including both 
“male pseudohermaphrodites” and “true her- 
maphrodites,” which occurred in one line of 
swine, are described. Cryptorchids are dis- 
cussed. briefly. 

The intersex condition in our swine is in- 
herited. 

Although ratios indicate that the condition 
could be caused by a single pair of sex limited 
recessive genes, other evidence indicates that 
the mode of inheritance is not that simple. 
One of the genes responsible for the condition 
is recessive, and the intersex effects are lim- 
ited to one sex, but there is evidence that at 
least one and probably more additive genes 
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“are involved. A breed difference in effects of 
these genes is suspected. 


Six animals—three “male pseudohermaphro- 
dites,” two “true hermaphrodites,” and one 
animal with a testis on one horn of the uterus 
and an abscess on the other—were determined 
by cytological methods to be genetic females. 

Histological, appearance of the testicular 
tissue in our swine hermaphrodites is very 
similar to that described for humans exhibit- 
ing Kleinfelter’s syndrome. 
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REOCCURRENCE OF A FORGOTTEN 
HOMEOTIC MUTANT IN DROSOPHILA 


ELISABETH GOLDSCHMIDT AND ADA LEDERMAN-KLEIN* 


OPHTHALMOPTERA FLIES 
Figure 4 


A—Dorsal view of female Drosophila melanogaster homozygous for ey?, with large nearly 
symmetrical ophthalmoptera outgrowths from the eye region. B—Dorsal view of female fly 
exhibiting a large double ophthalmoptera outgrowth on the left and a smaller bulge on the 
right. C—Dorsal view of male fly with small ophthalmoptera outgrowth on right, exhibiting 
doubling of ‘coastal’ bristle row. The left side of the head lacks both the eye and the excres- 
cence. There are four instead of the normal three ocelli. 


N their monograph on ‘The Genetics 

of Drosophila’, Morgan, Bridges and 

Sturtevant, devote a chapter to the 
‘abnormalities that are not inherited’. 
They discuss a series of monstrosities 
that tend to turn up sporadically in 
certain mutant stocks “and may in part 
be looked upon here as one of the by- 
products of the mutant gene. It is im- 
possible therefore to exclude many of 
these abnormalities from the heritable 
characters ; but whenever they cannot be 
made to reappear in considerable num- 
bers of the offspring by breeding from 
parents that show such modifications, or 
have not been produced by special en- 
vironmental conditions, they may be 
looked upon as accidents of develop- 
ment.” One of the abnormalities listed 


in this chapter is ‘wing-like outgrowths 
from the eye’, which tended to appear 
in one of the stocks homozygous for the 
mutant ‘eyeless’. “It cannot be stated 
with certainty that the protruding organ 
is an imperfect wing, yet the arrange- 
ment of the bristles along its edge and its 
bag-like transparent material suggest at 
least such a comparison.” 

It is not recorded what percentage of 
the Columbia ‘eyeless’ stock exhibited the 
protrusions. Morgan’s paper on the 
‘Variability of Eyeless’® makes no men- 
tion of this freak. Nor does it appear in 
the descriptions of the different eyeless 
alleles and their expressivity in Bridges’ 
and Brehme’s catalogue!. It appears to 
have fallen into oblivion; R. B. Gold- 
schmidt has never included it in his ex- 


*Department of Zoology, Hebrew University, Jerusalem, Israel. We wish to thank Mr. 
Salim Fattal for drawing several of the illustrations. 
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haustive discussions of homeotic mu- 
tants®?2, 

Outgrowths from the eye occur with 
high penetrance and expressivity in an 
eyeless stock kept in our laboratory. We 
believe that they are similar to, or identi- 
cal with the protuberances observed by 
Morgan et This abnormality, 
which we have called ‘ophthalmoptera’®, 
is found so regularly in our stock that its 
heritability is no longer to be doubted. 


Genetic Make-Up of the 
Ophthalmoptera Stock 


With the object of preparing a stock 
of ey’? as closely as possible coisogenic 
with an inbred laboratory stock ‘Berlin™ 
ey? males were mated with Berlin fe- 
males, the Fs eveless males were again 
crossed to Berlin and this process was 
repeated for a number of generations in 
two independent lines a and b. Ophthal- 
moptera was first observed in” line a 
among the eyeless flies of the Fz genera- 
tion after the fifth cross to Berlin. Flies 
exhibiting the homeotic change were 
bred separately and their offspring were 
subjected to selection for ophthalmo- 
ptera in all subsequent generations. 

In line } outgrowths from the eye ap- 
peared after the seventh cross to Berlin. 
It may be concluded that ophthalmo- 
ptera was produced by transferring the 
fourth chromosome of the ey? stock to a 
background of Berlin chromosomes and 
that this process is repeatable. 

While it cannot be stated, as yet, 
whether the modifying system derived 
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from the Berlin strain is polygenic, or 
oligogenic, experiments aiming at its 
localization are in progress. If one or a 
few gene loci should play a decisive role 
in the production of the ophthalmoptera 
monstrosity, this would constitute an in- 
teresting parallel to the erupt and su-er 
and tumor and su-tu systems, described 
by Glass* and analyzed by him and his 
coworkers in a series of intensive in- 
vestigations (for list of references cf. 
Glass‘). 
Penetrance 

Table I indicates that the ophthal- 
moptera character had reached consid- 
erable penetrance after four generations 
of selection. In second generation flies 
emerging in the old bottles penetrance is 
far better than in the first generation. 
Further selection lasting more than 30 
generations raised penetrance to a pla- 
teau, where it fluctuates between 70 and 
90 percent. Table II summarizes a rep- 
resentative count of recent date after 
more than 90 generations of selection. 
Significant differences in penetrance be- 
tween the first and second generations 
grown in the same bottle are still evident. 


Expressivity 


The ophthalmoptera trait is as vari- 
able in expression as the majority of 
homeotic changes described in the litera- 
ture. The outgrowths from the eye re- 
gion range in size from tiny blister-like 
protrusions to large inflated expansions 
which usually originate ventral to, and 
in front of the compound eye. The ex- 


after four generations of selection 


(Culture bottles kept at 27 


+1° C) 


Age of ev without ev with 


culture »phthalmoptera ophthalmoptera 
12 days 391 25 
15 days 178 42 
Total of 
generation I 569 67 


20 days . 
26 days 60 92 
Total of 


generation IT 


116 154 


Percent 

Total flies ophthalmoptera S.E. 
416 6.9 12 
220 19.1 2.7 
636 10.5 12 

5 
2 60.5 +4.0 
+3.0 
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crescences may be very nearly symme- 
trical (Figure 4.4), of different sizes on 
either side of the head (Figure 4B) or 
completely unilateral (Figure 4C). They 
may be simple, (Figure 44) or double, 
(Figure 4B). 

Although no two such appendages are 
completely alike there is a certain uni- 
formity in the bristle patterns of the 
larger appendages. The anterior margin 
is often beset with a row of strong 
spines suggestive of the costal margin 
of a wing. (This feature was also noted 
by Morgan et al.'4.) The tendency to 
duplication of this ‘costal’ row of bristles 
(cf. Figure 4C and Figure 5) is strongly 
reminiscent of certain types of append- 
ages appearing in tetraltera and pod- 
optera flies (cf. Goldschmidt et al.: 
Figures 1b, 4, 5, 10a etc.). 

It appears that ophthalmoptera in our 
stock differs from the growths observed 
by Morgan et al.'* by its liability to 
melanization (Figure 6). Many of the 
protuberances are partly black on emer- 
gence of the flies, while some will 
blacken during adult life, possibly as a 
result of trauma. Ophthalmoptera dif- 
fers in many morphological features 
from ‘tumorous head’ studied by Gard- 
ner and Woolf?? and by Gardner and 
Gardner‘ and from the ‘erupt’ phenotype 
described by Glass®®. 


Ophthalmoptera-like Outgrowths as a 
Taxonomic Character 


Goldschmidt®.19 has repeatedly drawn atten- 
tion to the evolutionary potentialities of ho- 
meotic changes. According to this author, a 
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COSTAL BRISTLES 
Figure 5 
Anterior view of left hali of head capsule 
of an ophthalmoptera fly. The expanded out- 
growth is beset with two rows of ‘costal’ 
bristles. 


character appearing in Drosophila as a rare 
monstrosity might well gain adaptive signifi- 
cance under certain conditions and might be- 
come fixed as a regular taxonomic feature. In 
Goldschmidt’s own words§: “A definite mor- 
phogenetic departure produced by a single 
mutation—could be found to exist in nature 
as characteristic of a higher taxonomic cate- 
gory.” Goldschmidt’s examples are mainly 
drawn from among the various groups of in- 
sects exhibiting different degrees of reduction 
in their fore-or hind-wings, which resemble 
the dwarf wing of the mutant ‘vestigial’ or 
the enlarged haltere-like structures in tetraltera 
stocks of Drosophila. While numerous paral- 


after over 90 generations of selection 


(Culture bottles kept at 26 + 1° C) 


ey without ey with 
ophthalmoptera ophthalmoptera 


Age of 
culture 


Percent 


Total flies ophthalmoptera 


12 days 406 
17 days $36 


Total of 
generation I $42 


563 72.1 
439 99.3 


1002 84.0 


20 days 1 676 

27 days 2 650 
Total of 
generation II 
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MELANIZATION OF OPHTHALMOPTERA 
Figure 6 


Anterior view of left half of head capsule. 
The ophthalmoptera growth shows strong mel- 
anization of its distal portion. 


lels can be drawn between hypomorphic mu- 
tants and permanent phylogenetic reduction 
and loss, it seems of especial interest to find a 
neomorphic character like ophthalmoptera as 
a normal taxonomic feature in a distantly re- 
lated fly. In several species of the genus 
Phytalmia (Haplostomata, Phytalmiidae) the 
male is adorned with expanded outgrowths 
from the eye (Figure 7) bearing a remarkable 
resemblance to the more extreme types of 
ophthalmoptera found in our stock in both 
sexes. 


Discussion and Summary 


If homeosis is defined as the appearance of 
a segmental organ in a body segment which is 
usually devoid of it, ophthalmoptera may legiti- 
mately be classed among the homeotic changes. 
Pending a detailed analysis of the development 
of the ophthalmoptera appendage from the an- 
tennal-optic disk, a discussion of its homol- 
ogies would be premature. 

Ophthalmoptera is a remarkable macromu- 
tant in several respects. It lends an entirely 
novel aspect to the fly’s head capsule, which is 
armed with huge antler-like excrecences. Fol- 
lowing its sudden appearance on transferring 
the ey? chromosome to a background of an- 
other laboratory stock (Berlin), ophthalmo- 
ptera reached a high degree of penetrance after 
a few generations of selection, thus confirming 
Goldschmidt’s!! assertion that the origin of 
macromutants is frequently ‘saltatorial’. Oph- 
thalmoptera is genetically inseparable from 
ey?, depending on an interaction of this major 
gene with other genetic factors stemming from 
the Berlin stock. Since the eyeless gene is 
basically hypomorphic manifesting itself in re- 


‘NORMAL’ OPHTHALMOPTERA 


Figure 7 


Male of Phytalmia megalotis from New 
Guinea (redrawn after Seguy 195016). Oph- 
thalmoptera outgrowths which are monstrosi- 
ties in Drosophila appear as a normal taxo- 
nomic feature in this fly. 


duction of the eye size, it is amazing to witness 
the power of this factor, in a certain genetic 
environment, to increase the bulk of the in- 
sect’s head by the addition of huge tumor-like 
appendages. 
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National Science Foundation Grants Announced 


The Division of Biological and Medical 
Sciences of the National Science Foundation 
announces that the next closing date for receipt 
of basic research proposals in the life sciences 
is May 15, 1959. Proposals received prior to 
that date will be reviewed at the summer meet- 
ings of the Foundation’s advisory panels and 


disposition will be made approximately four 
months following the closing date. Proposals 
received after the May 15, 1959, closing date 
will be reviewed following the fall closing date 
of September 15, 1959. 

Inquiries should be addressed to the National 
Science Foundation, Washington 25, D. C. 


Corrigendum 


Two errors appeared 1 in the recent paper by 
J. A. Weir, “Sex Ratio Related to — 
Source in Mice”, (Jour. Hered. 49 :223-227). 
In Table I (bottom line) 51.84 
replace 52.9 = 8.6 and 41.4 + 5.4 should replace 


33.7 287. 
Conclusions, 
place 529+ - 8.6; and (line 13), 
should replace 33.3 + 8.7. 

The Journal regrets these errors. 


On Page 227 under Summary and 
(line 12), 51.88% 5.4 should re- 
414+ 5.4 
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GENETIC STUDIES OF A MOSAIC LEAF 
MUTANT 


Causing Somatic Instability in Cotton 


OME 600 primitive Gossypium hir- 

sutum L. cottons were collected by 
Richmond and Manning in 1946, 
Stephens in 1947 and Ware and Man- 
ning in 1948 in Southern Mexico and 
Guatemala. Among the nursery plant- 
ings of these introductions one plant had 
a very striking and colorful phenotype in 
that patches of green, light green and 
pale yellow areas were distributed errati- 
cally over the leaf blades. Phenomena of 
this type have been described as mottled, 
mosaic or variegated. This particular 
character in cotton was designated mo- 
saic leaf, and the results reported here 
are concerned with the inheritance of this 
trait. 

Variegation has been reported in sev- 
eral plant species and in Drosophila. 
Particular cases of variegation have been 
attributed to mutable genes, variegated- 
type position effect, unstable plastid de- 
velopment and somatic segregation. Spe- 
cific references to the literature are cited 
in the discussion. 


Description of Mosaic Leaf 
Phenotype 


The multicolored variegation of the 
upper surface of affected leaves is the 
most conspicuous feature of mosaic leaf 
plants. Normal green, light green and 
pale yellow areas intermingle in a ran- 
dom manner and the different colored 
areas have no consistent size and shape. 
Stems, leaf petioles and bracteoles may 
have light colored streaks. There may be 
several normal green leaves on a mosaic 
leaf plant while mosaic areas on other 
leaves may range in size from only a few 


CuHArR-Les F. Lewis* 


cells to the whole leaf area. Usually a 


main vein acts as a boundary between af- 
fected and non-affected areas. 

With respect to the stage of plant de- 
velopment at which the mosaic character 
appears, it was observed that the trait 
might be expressed as early as the coty- 
ledonary leaf stage or as late as the 
blooming stage. Some mature plants are 
much more seriously affected than oth- 
ers, but a degree of mosaicism is ex- 
pressed by the time a plant begins to 
bloom. In addition to the color variega- 
tion, mosaic leaves or leaf segments are 
often crinkled or curled, but the two 
features are not invariably associated 
within the same plant. Mosaic leaves are 
often irregular in shape, but again, this 
is not always the case. Figure 8 shows 
leaves with varying amounts of mosaic 
areas. Plants with mosaic leaves are both 
male and female fertile, but the plants 
are relatively unproductive and seem to 
shed an unusually high percentage of 
fruit forms. When a mosaic streak can 
be traced into a flower, anthers in the 
affected area are shriveled and fail to 
dehisce. 


Materials and Methods 


In this study one parent was the origi- 
nal Mosaic Leaf plant found among the 
G. hirsutum introductions from Mexico 
and Guatemala. The non-mosaic parent 
was a selfed line of Deltapine 14 main- 
tained as a genetic stock. Reciprocal F,’s 
were made between these two parents. 
Then appropriate self-pollinated and 
cross-pollinated seeds were obtained for 
a study of the segregation of mosaic leaf 


*Contribution from the Cotton and Cordage Fibers Research Branch, Crops Research 
Division, Agricultural Research Service, U. S. Department of Agriculture in cooperation with 
the Department of Agronomy, Texas Agricultural Experiment Station, College Station, Texas. 
A part of this work was done under Project S-1 of the Hatch Act (Amended). The author’s 


present address: Plant Industry Station, Beltsville, Maryland. 
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MOSAIC LEAVES 
Figure 8 
The four leaves above show the varying amounts of mosaic tissue present in the cotton mutant. 


in and in backcross populations. Fi- 
nally, progeny tests were made of F, and 
first backcross plants to confirm the re- 
sults. 

Records were kept not only on a single 
plant basis but also according to individ- 
ual bolls. The details of the single plant 
and single boll data are not reported 
since the data indicated that this was not 
necessary. All seeds were planted indi- 
vidually in six-ounce paper cups in the 
greenhouse, and the seedlings were trans- 
planted in approximately two weeks. The 
F,, F2 and backcross populations were 
grown in the field while the final progeny 
tests were grown to maturity in the 
greenhouse in 10-inch pots. 


For economy of space in the tables, 
Mosaic Leaf and Deltapine 14 are writ- 
ten Mosaic and D & PL, respectively. 


Results | 

The classification of the parental, F:, F2 and 
backcross populations involving Mosaic Leaf 
and Dekapine 14 are recorded in Table I. A 
total of 139 plants were grown from selfed 
seed of the Mosaic Leaf strain, and all of the 
plants developed the characteristic pigment 
mosaic. Individual bolls from affected and non- 
affected branches from the same plant were 
progeny tested, but plants in their progenies 
always developed. the mosaic leaf phenotype. 
Hundreds of plants of the Deltapine 14 selfed 
line have been grown and all have had normal 
green leaves. 

F, Mosaie Leaf & Deltapine 14 and the 
reciprocal showed ao trace of the mosaic leaf 
expression. The F, segregated 3 non-mosaic 
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leaf :1 mosaic leaf. 

As shown in Table I, the backcross of the 
F, to Mosaic Leaf was ‘made in four ways in 
order to investigate the possibility of a cyto- 
plasmic influence. Each backcross progeny 
segregated according to a 1:1 ratio, and since 
the direction of dhe « cross had no influence on 
the segregation, the data were pooled. The 
backcross of the Fi to the Deltapine 14 was 
made in three of the four possible ways, but 
none of the plants in these progenies developed 
mosaic leaves. 

The results indicate that the mosaic leaf ex- 
pression is controlled by one gene pair with 
mosaic leaf recessive to normal green. In 
accordance with rules for symbolizing genes in 
cotton the symbol m/ was assigned to this 
mutant. Assuming that Mosaic Leaf had the 
genotype, ml ml, and Deltapine 14, M/ M1, 
progeny tests of F, and backcross segregants 
were made in order to confirm this hypothesis. 
Results of these progeny tests are recorded in 
Table II. 

Plants from the backcross Mosaic Leaf « 
(F, Mosaic Leaf & Deltapine 14) that were 
non-mosaic had the M/ ml genotype and were 
expected to segregate into a 3:1 ratio when 
progeny tested. Eight individual plants were 
tested and the pooled segregation fit the theo- 
retical ratio. 

Plants from the backcross Deltapine 14 
(F: Mosaic Leaf & Deltapine 14) all had non- 
mosaic phenotypes, but two genotypes, M/ M1 
and Mi ml, were expected. Progenies from 
such plants should either breed true for non- 
mosaic or segregate into a 3:1 ratio. Progenies 
from 10 individual plants were grown and five 


TABLE I. 


Classification of plants from 


Progeny 
Mosaic Leaf (Mosaic) 0 
Deltapine 14 (D & PL) x 


F, Mosaic X D & PL 
Fi D & PL X& Mosaic 


Fz Mosaic XK D & PL 58 
D & PL Mosaic 5 
Pooled Fz 111 


Mosaic & (Fi Mosaic X D & PL) 5 
Mosaic X (Fi D & PL X Mosaic) 20 
(Fi Mosaic KX D & PL) X Mosaic 33 
(Fi D & PL X Mosaic) X Mosaic 38 
Total 
Pooled backcross to Mosaic 148 


Heterogeneity 


(Fi Mosaic XK D & PL) KX D & PL 
(F; D & PL & Mosaic) X D & PL 2 
D & PL & (Fi D & PL X Mosaic) 20 
Pooled backcross to D & PL 
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segregated and five bred true for non-mosaic, 
The pooled data of the five segregating prog- 
enies fit the theoretical 3:1 ratio. 

Similarly, non-mosaic plants in the F, could 
be either M/ MI or MI ml and would be ex- 
pected to breed true for non-mosaic or segre- 
gate in a 3:1 ratio. Twelve individual plants 
were progeny tested; four bred true for non- 
mosaic and eight segregated. The pooled data 
for the eight segregating progenies fit the 
theoretical 3:1 ratio. 

Plants classified as mosaic leaf from both 
the F, and backcross to Mosaic Leaf were ex- 
pected to have the genotype ml ml and should 
have bred true. Five such individual plants 
from the backcross Mosaic Leaf & (F; Delta- 
pine 14 & Mosaic Leaf) were progeny tested 
and all plants developed the mosaic leaf pheno- 
type. Six individual F, plants were progeny 
tested and four of these progenies bred true 
for mosaic leaf. In the other two progenies, 
there were two plants in one progeny and one 
plant in the other which failed to develop the 
mosaic leaf phenotype. This was contrary to 
expectations and the most probable explana- 
tion was a seed mixture as will be developed 
further in the discussion. 


Discussion 

Particular cases of variegation have been 
attributed to unstable genes. Emefson® and 
Jones® explained variegation in maize on the 
basis of a single, unstable, recessive allele 
which frequently mutated to the dominant 
alternative. Smith and Sand! found that the 
variegation in petal color in Nicotiana was 


F,, F. and backcross populations involving Mosaic Leaf 


No. of 
plants 
mosaic 
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caused by an unstable recessive gene which 
mutated back and forth between vw, and vw. 
This accounted for the appearance of four sep- 
arate variegated phenotypes. Rhoades!§ ex- 
plained one case of variegation in maize on the 
basis of a mutable gene. In this case a; mutated 
frequently to 4A only when Dt was present in 
the genotype. Interrelated systems of genes 
which account for variegation in maize have 
been reported by McClintock!*.13, Brink? and 
Peterson!6.17, In the case of mosaic leaf in 
cotton, the m/ gene was stable. Bolls taken 
from affected and non-affected branches of 
mosaic leaf plants produced progenies with 
all plants exhibiting the mosaic leaf expres- 
sion. Surely if the m/ gene had been mutating 
to Ml to cause the green and yellow mosaic 
areas, this would have been revealed in the 
progeny tests. 

Brown? and Menzel!4 and Brown and 
Menzel* reported the occurrence of mosaic 
spots in leaves and petals in complex amphi- 
ploids and polygenomic Gossypiwn hybrids. 
This mosaicism seemed to be correlated with 
ploidy and the number of species combined. 
Two cases of somatic reduction in chromosome 
number were reported, and the mosaicism was 
attributed to a disorganized mitosis which re- 
sulted in segregation and reduction. The 
mosaic leaf mutant reported in this paper arose 
in an introduction of G. hirsutum with the reg- 
ular 26 II of chromosomes at meiosis and no 
evidence was found of any complex type of 
somatic chromosome reduction. One plant 
with the mosaic leaf phenotype in a backcross 
population of Mosaic Leaf & (F: Deltapine 
14 & Mosaic Leaf) had an octoploid branch? 
but this was the only cytological abnormality 
noted. 

In Drosophila, variegation has often been 
associated with chromosomal rearrangements. 
Individual cases of this type have been re- 
ported by Baker!, Demerec® and Judd! As 
a rule loci become unstable and produce mot- 
tling when euchromatic segments are brought 
into close proximity to the heterochromatic 
segments by chromosomal rearrangements. 
Lewis!! gave a full discussion of this position 
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effect phenomenon. Goldschmidt® places a 
different interpretation on the results in that 
he believes the variegation is not caused by 
mutable loci but “because of some weakening 
effect of the heterochromatin or other unknown 
features.” Cytological examination of F, plants 
in the present study revealed 26 II, and there 
is no reason to suspect any chromosomal re- 
arrangements. 

Woods and DuBuy?® explained variegation 
in Nepeta on the basis of a stable nuclear geno- 
type associated with an unstable plastid de- 
velopment. In Nepeta the recessive genotype 
mm insured a high rate of chondriogene muta- 
tion which resulted in a variegated plant. 
Woods and DuBuy found that cells with 
multiple plastid types could occur in the ab- 
sence of any special mutation-allowing nuclear 
gene but only at a very low rate. Parker!5 
found that a yellow-spot character in Phase- 
olus vulgaris was inherited as a simple domi- 
nant or as an incomplete dominant to normal 
green. Mosaic leaf in cotton appears to be 
similar in many ways to the type of inheri- 
tance in Nepeta and Phaseolus. On the basis 
of the data presented on cotton, it was con- 
cluded that the mosaic leaf expression was 
controlled by a stable, recessive nuclear gene. 
In plants with the homozygous ml ml geno- 
type, changes occurred in the somatic cells 
which resulted in the erratic occurrence of 
mosaic areas. The changes did not occur in 
plants with M/ in the genotype, because only 
normal green leaves were produced. The 
nature of the changes in plants with the m/ ml 
genotype was not determined. Preliminary 
microscopic examinations of the plastids and 
other extracts were made, and altered chloro- 
plasts probably accounted for the multicolored 
phenotype. The mosaicism could have been 
caused by the quantity of plastids in a cell, a 
qualitative change in plastid color or by a com- 
bination of both factors. 

The crinkled nature of certain mosaic areas 
and the irregular shape of some leaves were 
apparently pleiotropic effects of the m/ ml gen- 
otype. Often there were mosaic areas which 
were not crinkled and mosaic leaves which 
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were not misshapened, but some of these fea- 
tures were exhibited in all mosaic plants. 
Possibly the time and place in the ontogeny 
of the leaf had something to do with the 
crinkled and misshapened leaves. 

The three F; plants which failed to develop 
the mosaic expression as expected of the ml mi 
genotype were probably the result of a seed 
mixture at some step in the harvesting, ginning 
and storage of seed. A fourth plant exhibited 
a phenotype which could not possibly have 
been produced by the genetic material in this 
study. The appearance of this obvious mix- 
ture leaves little doubt that the three other 
plants were also mixtures. Various genetic 
explanations could be offered, but the weight 
of evidence for the single stable gene hypoth- 
esis appears conclusive unless further cytologi- 
cal and linkage determinations reveal addi- 
tional events of this nature. 


Summary 


A mutant designated mosaic leaf arose in 
the progeny of a Gossypium hirsutum intro- 
duction. Genetic studies of the inheritance of 
this trait showed that it was controlled by one 
gene pair with mosaic leaf recessive to normal 
green. The gene symbol m/ was assigned to 
this mutant. Somatic cells in homozygous 
ml ml plants were unstable, and the pale color 
of certain cells resulted in the erratic appear- 
ance of mosaic areas on the leaves. 
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THE TENTH INTERNATIONAL CONGRESS 
OF GENETICS 


HE Tenth International Congress 

of Genetics was held at McGill 

University, Montreal, Quebec, 
Canada, August 20 through 27, 1958, 
under the distinguished patronage of 
His Excellency, the Right Horourable 
Vincent Massey, C. H., Governor Gen- 
eral of Canada. The Right Honourable 
John George Diefenbaker, Prime Min- 
ister of Canada, and other eminent 
statesmen and scholars of Canada, con- 
stituted the Honorary Committee. Mc- 
Gill University was the host institution 
of the Congress, which was sponsored by 
the Genetics Society of America, and 11 
other biological organizations of Netth 
America acted as co-sponsors. These 


co-sponsors were: The Genetics Society 
of Canada, The Agricultural Institute 
of Canada, The American Cancer So- 
ciety, The American Eugenics Society, 


The American Genetic Association, The 
American Society of Agronomy, The 
American Society for Animal Produc- 
tion, The American Society for Horti- 
cultural Science, The American Society 
of Human Genetics, The American So- 
ciety of Naturalists and The Society for 
the Study of Evolution. The Congress 
was truly international in both organiza- 
tion and membership and brought into 
focus the great advances in Genetics dur- 
ing the past five years. 

The President of the Congress was 
Professor Sewall Wright. Professors C. 
Barigozzi, A. Muntzing, C. Pavan, L. S. 
Penrose, Y. Sinoto, A. H. Sturtevant 
and W. P. Thompson were Vice-Presi- 
dents. Professor J. W. Boyes served as 
General Secretary. The General Organ- 
izing Committee, established in Decem- 
ber, 1953, by the Genetics Society of 
America, was given complete responsi- 
bility for the organization of the Con- 
_ gress. This Committee ultimately con- 
sisted of the following members; J. W. 
Boyes, (Chairman and General Secre- 
tary), E. W. Caspari, M. Demerec, P. C. 
Mangelsdorf, H. B. Newcombe, R. F. 
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Peterson, F. J. Ryan, H. H. Smith, S. C. 
Smith and Norma,F. Walker. Professor 
C. P. Oliver also acted on the Committee 
during its first two years of operation. 
This committee organized the Exhibits 
Committee, the Canadian Finance Com- 
mittee, the United States Finance Com- 
mittee, the Local Committee, the Pro- 
gramme Committee, the Publications 
Committee and the Travel Assistance 
Committee. The Ladies’ Committee was 
included as a part of the Local Commit- 
tee which had the following membership : 
J. W. Boyes (Chairman), F. C. Fraser 
(Co-chairman), J. R. Beaudry, A. Blain, 
E. R. Boothroyd, Mrs. J. W. Boyes, 
R. I. Brawn, P. Dansereau, W. F. Grant, 
J. D. Metrakos, J. R. Miller, G. I. Paul, 
Muriel V. Roscoe and H. Steppler. 
Fifty-one meetings of these various com- 
mittees preceded the opening of the Con- 
gress. 

The total membership of 1,672 greatly 
exceeded the 863 of the previous Con- 
gress, and consisted of representatives 
from 50 countries. There were 1,310 Ac- 
tive Members (of whom 72 were non- 
participating, i.e. did not attend), 362 
Associate Members (of whom 12 were 
non-participating) and 196 children. 
Twenty countries were represented by 
58 official delegates who included repre- 
sentatives of 16 overseas universities. 

The program began with an Inaugural 
Session featuring addresses of welcome 
by various government representatives in 
Canada, a report by Professor C. Bari- 
gozzi for the Permanent International 
Committee for Genetics Congresses, and 
an address by President Sewall Wright 
on The Place of Genetics in Science. 
Honorary Degrees of Doctor of Science 
were conferred upon Hitoshi Kihara, 
Lionel S. Penrose and Curt Stern by 
McGill University, and upon Theodosius 
Dobzhansky and Conrad H. Waddington 
by the University of Montreal. The sci- 
entific program consisted of 33 reports 
in seven Symposia, 543 contributed pa- 
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pers in 43 sessions, three public lectures, 
a session of 40 demonstrations and a 
panel discussion on The Teaching of 
Genetics. It is obviously impossible to 
comment, even briefly, on the contents 
of these contributions. A special feature 
was an extensive exhibit illustrating the 
topic Genetics in the Service of Man, 
covering the entire ice area (85' X 200’) 
of the McGill Winter Stadium, and open 
to the public. Social events included an 
official reception by McGill University, a 
civic reception, by the City of Montreal 
followed by a chamber music concert at 
McGill, two Vin d’Honneur receptions 
at the University of Montreal, a chicken 
barbecue at Macdonald College, and a 
final smoker which provided just the 
right atmosphere for bidding adieu. 
There were, of course, other very suc- 
cessful social gatherings organized by 
private groups and sponsoring societies. 
The ladies also had an extensive pro- 
gram and the children enjoyed contacts 
with others from 10 countries and the 
round of activities provided at Progeny 
Park. 

Tours were organized by the Travel 
Assistance Committee and the Local 
Committee in cooperation and with help 
from Tobin's Travel Bureau of Montreal. 
Included were tours to the Montreal Bo- 
tanic Garden, Ottawa, Quebec City, the 
St. Lawrence Seaway, Niagara Falls and 
Genetics Laboratories of the Eastern 
United States. Nearly 400 persons (84 
percent from overseas) participated in 
these tours. Two information booklets, 
plus other miscellaneous items, and a 
brochure entitled Exhibits, Genetics in 
the Service of Man, were published be- 
fore the Congress. The Proceedings con- 
sist of The Programme (71 pages) and 
Volume IT: Abstracts (339 pages, 576 
abstracts) both of which were available 
at registration, and l’olume I which will 
contain the full texts of the Presidential 
address, Invitation Papers and Public 
Lectures, and records of Business Meet- 
ings, ete., and will be published about 
April, 1959. These Proceedings can be 
ordered from the University of Toronto 
Press, Toronto, Ontario, Canada. 
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Total revenues of the Congress ap- 
proximated $163,000 including over 
$68,000 collected by the United States 
Finance Committee, about $58,000 col- 
lected by the Canadian Finance Commit- 
tee (with cooperation of the Genetics So- 
ciety of Canada), about $22,000 in fees, 
$9,400 paid for tours and over $4,000 
income from the sale of tickets, etc. This 
does not include the costs of the Civic 
Reception provided by the City of Mon- 
treal, the Reception provided by McGill 
University and the Provincial Reception 
in Quebec, etc.— items which would 
easily total another $7,500 as indirect 
tontributions to the Congress. Many 
other indirect contributions, such as ex- 
penses to McGill University, and the ex- 
penditure of time and money for the 
preparation of exhibits by so many, can- 
not be even estimated. From these funds 
nearly $57,600 was used to provide 145 
travel grants to overseas geneticists, plus 
$3,600 for members from South America 
for extra travel in the United States and 
Canada, plus $3,665 from the funds raised 
in Canada for 26 grants to help younger 
Canadians come to the Congress. Other 
items of expenditure have not yet been 
itemized. 

The Final Business Meeting of the 
Congress received a report by Professor 
I. M. Lerner from the Permanent Inter- 
national Committee for Genetics Con- 
gresses (Genetic Section of the Inter- 
national Union of Biological Sciences ). 
The suggested rules, bringing election 
procedures into conformity with I.U.B.S. 
procedures were approved. The follow- 
ing resolution was included in the Com- 
mittee’s report : 

“The Permanent International Com- 
mittee on Genetics Congresses considers 
it to be its duty to express deep concern 
over the fact that a number of Soviet 
geneticists who had submitted abstracts 
of papers to the Tenth International 
Congress of Genetics failed to appear in 
Montreal. The Committee also deeply 
regrets the absence of representatives 
from a number of other countries. It 
wishes to express its deepest sympathy 
and send its warmest regards to all scien- 
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tists who may have been prevented from 
attending the Congress by their Govern- 
ments. 

“The Ninth International Congress of 
Genetics, meeting in Bellagio in 1953, 
passed a resolution that Genetics Con- 
gresses should not ‘be held in any coun- 
try to which it may be expected that 
scientists would be refused permission to 
enter on grounds of race, nationality, re- 
ligion, place of birth or political associa- 
tions past or present.’ The Permanent 
Committee takes this occasion to extend 
this policy by appealing strongly to all 
governments in the world to allow their 
scientists the right of unimpeded travel 
for scientific purposes, without regard of 
race, nationality, religion, place of birth, 
past or present political associations and, 
in view of the experiences at the current 
Congress, irrespective of whether their 
scientific views and work are in conform- 
ity with any official governmentally- 
shaped policies and ideology. We con- 
sider any attempt on the part of govern- 
ments to interfere on political, ideological 
or other grounds with the free pursuit 
of science and free dissemination of sci- 
entific information as a serious violation 
of the basic principles of research. We 
appeal to the learned academies and sci- 
entific societies of all countries and to the 
United Nations and its organizations to 
exert all possible influence to persuade 
all governments to adhere to the princi- 
ples outlined here. Their violation will, 
no doubt, spell the end of scientific free- 
dom and therefore also of scientific prog- 
ress.” 


The following nominations to the new 
Permanent International Committee for 
Genetics Congresses were presented by 
Professor Lerner for the Nominating 
Committee and duly elected: 

Australia and New Zealand—Dr. O. 

H. Frankel, Canberra, Australia. 

Austria and Switzerland — Prof. E. 

Hadorn, Ziirich, Switzerland. 
Belgium and Netherlands — Prof. M. 
J. Sirks, Groningen, Netherlands. 
Canada—Prof. J. W. Boyes, Montreal, 
Canada. 
Eastern Europe — Prof. K. Hruby, 
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Praha, Czechoslovakia. 

France — Prof. B. Ephrussi, Paris, 
France. 

Germany—Prof. H. Stiibbe, Gaters- 
leben, Germany, D.D.R. 

Great Britain—Prof. C. H. Wadding- 

ton, Edinburgh, Scotland. 

Iberian peninsula — Prof. A. Quinta- 

nilha, Lisbon, Portugal. 
Israel — Prof. E. Goldschmidt, Jeru- 
‘salem, Israel. 

Italy—Prof. C. Barigozzi, Milan, Italy. 

Japan — Prof. D. Moriwaki, Tokyo, 
Japan. 

Scandinavia'— Prof. H. Wexelsen, 
Oslo, Norway. 

Southeastern Asia—Dr. A. R. Gopal- 
Ayengar, Bombay, India. 

Southeastern Europe—Prof. A. Tav- 

éar, Zagreb, Yugoslavia. 

South and Central America — Prof. 

F. C. Brieger, Piracicaba, Brazil. 

Union of Soviet Socialist Republics— 

Prof. N. P. Dubinin, Moscow, 
U.S.S.R. 
United States of America—Prof. I. M. 
Lerner, Berkeley, California, U.S.A. 
At a meeting of this new Committee, im- 
mediately following the Concluding Cere- 
mony, Prof. J. W. Boyes was elected 
President and Prof. E. Hadorn, Secre- 
tary. 

The following resloution, submitted by 
the Genetics Society of America was ap- 
proved with the full support of the dele- 
gation from the U.S.S.R.: 

“The Tenth International Congress of 
Genetics views with concern the increas- 
ing levels of radiation from medical, in- 
dustrial and military sources to which 
human populations are being subjected. 
All such irradiation acts genetically to 
the detriment of this and future genera- 
tions. 

“We call the attention of all appropri- 
ate authorities to this serious and devel- 
oping situation and we urge that every 
attempt be made to reduce to a minimum 
these exposures and their ill effects by 
action at the international, national and 
individual levels. 

“The Congress draws attention to the 
valuable Report of the United Nations 
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Scientific Committee on the Effects of 
Atomic Radiation, and emphasizes the 
need for increased basic knowledge lead- 
ing to a more comprehensive understand- 
ing and control of the damaging effects 
of radiation.” Other resolutions ap- 
proved sending greetings to the Zeit- 
schrift fiir Verergungslehre on the occa- 
sion of the 50 year jubilee and to Profes- 
sor W. E. Castle who is one of the pio- 
neers in the science of Genetics, and also 
votes of thanks to the organizers of the 
Congress. 

The Tenth International Congress was 
the largest ever held and truly interna- 
tional in scope ; in both organization and 
consummation it was a joint operation 
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of the geneticists of Canada and the 
United States. Its success is a tribute to 
the interest, cooperation and generosity 
of many persons in many countries and 
it was characterized by a warm feeling 
of friendly cooperation and by real prog- 
ress in the science of Genetics. We be- 
lieve that it fulfilled the hope expressed 
by its President, Sewall Wright, that it 
would be “successful in strengthening 
our feeling of unity as well as in defining 
the current stage of development of our 
science.” 

J. W. Boyes 

General Secretary 
McGill University 
Montreal, Quebec 
Canada 
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THE RELATION OF SEX TO TASTE 
REACTIONS 


For P.T.C., Sodium Benzoate and Four “Standards” 


H. C. So_ttan AND S. E. BRACKEN* 


OX? suggested a relation between 

an individual’s taste response to the 

two substances, phenylthiocarbamide 
(P.T.C.) and sodium benzoate and 
various food preferences. Further work 
showed that there existed an apparent 
day to day variation in an individual’s re- 
sponse to sodium benzoate and this vari- 
ation was much greater than that found 
for P.T.C. under the same conditions 
(Hoover)!®. Hoover also noted that fe- 
males apparently gave more consistent 
results for reaction to sodium benzoate 
than males, although his test samples of 
individuals were very small. Hoover 
concluded that : 

. the P.T.C.—sodium benzoate 
method of determining taste classifica- 
tions is unreliable due to the fact that 
most persons do not give reproducible 
taste reactions with at least one of the 
two chemical compounds involved.” 

There have been some reports that 
females have a slightly greater sensitivity 
to P.T.C. than males*:* 9, However, the 
majority of authors were unable to de- 
tect a significant difference between the 
sexes (Snyder™ and numerous others). 
The difference, where observed, has been 
explained by a difference in thresholds, 
women having lower thresholds to P.T.C. 
than men®, This may be due to some 
difference in the penetrance of the gene 
in the two sexes*. There is little infor- 
mation available about sex differences 
for response to the “Standards”, which 
are: sucrose, sodium chloride, citric acid 
and quinine (sulphate). However, thresh- 
old histograms have been compiled for 


sodium chloride, sucrose and quinine sul- 
phate’. These clearly show the variation 
in thresholds for different individuals, 
but the sex of those tested is not given. 
It has been suggested that the lowered 
threshold theory for females may be ap- 
plicable in the case of quinine’. 

There appears to be little, if any, cor- 
relation between the threshold measure- 
ments for P.T.C. and those for quinine, 
and this lack of correlation probably 
holds for various other substances too*. 

Therefore the aim of the present study 
is to determine by repetitive tests the 
extent of an individual’s variation in re- 
sponse to the four standards, P.T.C. and 
sodium benzoate and to compare the dif- 
ferences in this respect between males 
and females. 


Materials and Methods 


The sample comprised 50 male and 50 
female undergraduate students who had 
completed the testing period. 

Each week for 12 consecutive weeks 
the student was given an envelope con- 
taining four differently shaped pieces of 
white filter paper. On a ballot he was 
asked to check off the predominant taste 
of each piece of paper. The combination 
of papers was rotated in such a way that 
each individual had tasted by the end of 
the testing period, each of the four 
“standards”, P.T.C. and plain filter pa- 
per six times, and sodium benzoate 
twelve times. To make it impossible for 
one student to influence the taste decision 
of his neighbor, four different combina- 
tions were distributed to a particular 
class on the same day so that adjacent 


*Department of Zoology, University of Toronto, Toronto, Canada. The authors are in- 
debted to Dr. Irwin Tallan and Dr. Norma Ford Walker of the Department of Zoology, 
University of Toronto for permitting tests to be conducted during their undergraduate labora- 
tory periods, and to the latter for help in obtaining the various chemicals used, and for helpful 
criticism... We are also grateful to Prof. D. B. W. Reid for advice in the matter of statistical 
techniques. 
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students would receive different taste 
combinations. 

The technique for preparing the test 
papers was as follows. Strips of What- 
man No. | filter paper were saturated 
with the proper reagent and then air 
dried at room temperature. They were 
then cut into the four different patterns. 

Sucrose, sodium chloride, citric acid, 
and sodium benzoate were prepared as 
saturated aqueous solutions. P.T.C. was 
prepared as a saturated solution in 95 
percent Ethanol. A solution containing 
10 milligrams of the quinine sulphate per 
ml. of 95 percent Ethanol was used. The 
12 different comi. ations of four pieces 
each were assembled in small envelopes 
and stored till required for the testing. 
The pieces of paper were kept out of 
contact with each other in the envelope 
by means of waxed paper. 

According to Salmon and Blakeslee’ 
and Harris and Kalmus® the individual 
thresholds for P.T.C. vary a great deal 
in spite of the fact that a characteristi- 
cally bimodal distribution is obtained. 

By our technique of dissolving the 
P.T.C. and quinine in Ethanol it was 
made reasonably certain that we had sur- 
passed the great majority of thresholds. 
This is borne out by the very small num- 
ber of highly consistent tasteless re- 
sponses to P.T.C. in both sexes. 


Results and Conclusions 
The data were assembled in the form of 
listings of the total number of times that each 


TABLE I. Consi y of resp 
No. of Sodium 
Deviations Sex Sucrose Chloride 
Zero Male 42 29 
Female +6 35 
One Male 7 1+ 
Female 13 
Twi Male 1 7 
Female 0 2 
Three Male 0 0 
Female 0 0 
Four Male 0 0 
Female 0 0 
Totals Male $i 
Female 50 50 
Two or Male ] 7 
Female 0 2 


more 
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individual reacted to a particular substance as 
sweet, salty, bitter, sour or tasteless. For lack 
of space these rather extensive listings cannot 
be presented here, but their most important 
characteristics are presented in Tables I to IV. 

Table I compares the consistency of reaction 
of the male and female groups to all the sub- 
stances, except sodium benzoate. Most showed 
varying degrees of deviation; for example, 
those with one deviation had five identical re- 
actions to a particular substance and one dif- 
ferent, and so on. There were two males who 
reacted with absolute consistency for all the 
six tastes, and three females who did the same. 
Examination of the figures showed that a test 
of significance should be applied to the values 
for quinine. A chi-square value of 16.0 : p 
<.001 revealed that females were very sig- 
nificantly more consistent in their reactions 
to quinine than males. 

In reacting to sodium benzoate females are 
less inconsistent than males, (see Table IT). 
This is shown by a comparison of the num- 
ber of “small” deviations as against “large” 
deviations, for the two sexes. Seventeen fe- 


TABLE II. Consi y of P to di 
benzoate 

Number of Deviations Males Females 
Zero 0 0 
One 0 6 
Two | 6 
Three 2 5 
Four 7 + 
Five 9 3 
Six 10 12 
Totals 29 6 
Three or less 3 17 


Four or more + 


to the standards, filter paper and phenylthiocarbamide 


Phenylthio- 


Quinine Citric Filter 
Sulphate Acid Paper carbamide 
1§ 35 25 
26 12 33 23 
11 10 11 1] 
10 1+ 14 13 
17 14 2 8 
11 3 8 
11 10 2 6 
5 12 0 6 
3 l 0 0 
1 1 
su su 
30 30 sa 
31 25 + 14 
4 24 3 14 


33 
: 
2 


Sodium Chloride Quinine Sulphate Citric Acid 


vi 
Females | 


Filter Paper Phenyltniocarbamide Sodium Benzoate 


REACTION TO SEVEN ‘TASTES’ 
Figure 9 
Classification of 50 males and 50 females by predominant taste for the standards, filter paper, 


P.T.C., and sodium benzoate. The key to the diagram is as follows: I—sweet; II—salty ; III— 
bitter; IV—sour; V—tasteless; VI—unclassified. I1mm=1 person. 


We 
‘an 
M 
Males 
Females 
4 


males and only three males had small devia- 
tions; a significant difference, (chi-square 
value of 10.5; 0l<p<.02). 

The greatest variation of response (exclu- 
sive of sodium benzoate) was found to be with 
the citric acid and quinine. Tables III and IV 
illustrates the number of times that a sour 
or bitter response was obtained for citric acid, 
and a sour, bitter or tasteless response for 
quinine. No significant sex differences were 
found in this classification for citric acid. 
But for quinine, a significantly greater num- 
ber of females tasted it as bitter, (chi-square 
value of 19.3; .001<p<.01). Correspondingly, 
a significantly greater number of males found 
quinine tasteless, (chi-square value of 17.6; 
001<p<.01). There was no significant dif- 
ference betwee the male and female classifi- 
cation of quinine as sour. 

To confirm the reality of these differences 
the same data were classified in a different 
manner. Each person was identified with just 
one taste for each of the substances. This 
was achieved by classifying the person by the 
taste which he had indicated on at least four 
of the six occasions for the standards, P.T.C. 
and filter paper, and on at least seven of the 
12 occasions for sodium benzoate. The results 
are presented in Figure 9. Those who could 
not be classified in this manner were placed in 
an “unclassified” category. Once again, a sig- 
nificant, though smaller difference was found 
between the male and female data for quinine 
(chi-square value of 9.16; .02<p<.05). How- 
ever, the test of significance for sodium ben- 
zoate revealed a chi-square value of 7.28 
which is not significant. 

Table V presents the reactions of males and 
females to sodium benzoate where a notice- 
able difference could be observed, that is, in 
the response “salty” and, “tasteless.” Dividing 
the data into the two categories: seven or 
better consistent responses, and six or less, we 
obtain significantly more females giving the 
salty response, (chi-square value of 4.60; 
02<p<.05.) 

It can be concluded from the results of this 
study that females, in general, possess a great- 
er acuity in their sense of taste towards qui- 
nine. Testing with solutions of different con- 
centrations would throw light on whether or 
not this is an effect of lower threshold values 
in females than males. There is a noticeable 
trend for females to react more consistently 
than males towards quinine and probably to- 
wards sodium benzoate. 

If we accept that the standard taste for 
sucrose is sweet, for sodium chloride salty, 
for quinine bitter, and for citric acid sour, 
then we must realize that the term bitter and 
the term sour may mean different sensations 
to different people. There are many people 
(as the data show) who cannot distinguish 
between bitter and sour. Again it would be 
interesting to know if this bitter-sour dichot- 
omy is due mainly to early family environment 
or whether it has a genetic basis. This varia- 
tion can hardly be only a matter of semantics. 
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Summary 


Fifty males and 50 females have been sub- 
jected to repetitive testing for taste reaction 
to sucrese, sodium chloride, quinine sulphate, 
citric acid, P.T.C., plain filter paper and sodi- 
um benzoate. 

Females are significantly more consistent 
than males in their taste responses to quinine 
and sodium benzoate. A significantly greater 
number of females taste quinine as “bitter.” 

Bitter and sour are not clear-cut, unequivo- 
cal responses as compared with sweet and 
salty. Many cannot distinguish between bitter 
and sour, while for others the problem is one 
of semantics. 
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FURTHER NOTES ON THE ALBINO CATFISH 
R. W. MENzEL* 


st 15 years ago this author! report- 
ed on the occurrence of albino channel 
catfish, Jctalurus punctatus (Raf.), 


in certain 
Virginia waters. At that time it was reported 
that several specimens were maintained in an 
aquarium in the Virginia Fisheries Laboratory. 
Observations showed that the fish were “nor- 
mal” in their feeding habits. Seemingly they 
had poor eyesight and relied on the barbels 
in finding food but this is true of normal cat- 
fish also. It is the purpose of this report to 
give some additional observations made since 
the original report. 

Mr. John C. Pearson, Director of the U. S. 
National Aquarium in Washington, D. C., 
secured several albino catfish in the middle 
1940’s and again in 1951. He reported (per- 
sonal communication) that the fish lived for 
four or five years before dying. 

Mr. John Druid, a commercial fisherman at 
Diascund, Virginia, kindly transplanted 53 
albino catfish from the Pamunkey River into 
Diascund Creek, a tributary of the Chicka- 
hominy River in October and November, 1945. 


The Chickahominy River is part of the James 
River drainage and is separate from the 
Pamunkey River, which together with the 
Mattaponi River forms the upper part of the 
York River drainage. The same species of 
fish occurs in both drainage systems, but albinos 
had been reported only from the latter. All 
commercial fishermen were contacted and 
asked to release any albino fish caught in 
their baited traps. The majority of the fisher- 
men cooperated but a few albinos were mar- 
keted. No report was ever received of a cap- 
ture by a sport fisherman. 

Albino catfish were caught by commercial 
fishermen in the Chickahominy River for sev- 
eral years after the original transplants were 
made, but according to a recent report (Men- 
zel Brothers, Toano, Virginia—personal com- 
munication) none has been seen during the past 
five years or so. The transplanted fish ranged 
far from the point of release, since one was 
caught the following March (1946) at a dis- 
tance of 23 miles. Records showed that at least 

(Continued on page 293) 


*Oceanographic Institute, Florida State University, Tallahassee, Florida. 
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OLANUM DEMISSUM (2n = 

72) has long been of interest to 
potato breeders as a source of re- 
sistance to late blight, caused by Phy- 
tophthora infestans (Mon’t) de Bary. 
This species belongs to the section Tu- 
berarium of the genus Solanum and is 
indigenous to Mexico. It can withstand 
temperatures as low as —2°C and also 
possesses resistance to certain insect 
pests. Most of the cultivated varieties 
of S. tuberosum cannot resist any degree 
of frost and are susceptible to late blight. 
Numerous attempts have been made to 
transfer the desirable characters of S. 
demissum to the common potato. The 
most obvious way of doing this would 
appear to be the direct crossing of S. 
demissum with S. tuberosum. This re- 
sults, however, in a pentaploid hybrid 
which is likely to be unstable. Another 
method, theoretically more preferable, 
would appear to be to cross S. demissum 
with some diploid species and then hy- 
bridize the resulting synthetic tetraploid 
with S. tuberosum. 

A thorough knowledge of cytological 
behavior of such synthetic tetraploids as 
well as that of the hybrids between these 
and the cultivated potato are essential, 
if they are to be successfully utilized in 
a breeding program. In the present in- 
vestigation the cytogenetical behavior of 
a number of hybrids between such syn- 
thetic tetraploids and the naturally oc- 
curring tetraploid—S. tuberosum is re- 
ported. 


Material and Methods 


A few seeds were obtained following 
a large number of pollinations in each 


CYTOGENETICAL STUDIES OF COMPLEX 
HYBRIDS IN SOLANUM 


M. L Macoon, R. W. HouGas D. C. Coorer* 


of the following crosses. The synthetic 
tetraploids derived from 6n & 2n mat- 
ings were always used as the female 
parents and S. tuberosum var. Katahdin 
as the male parent. 


1. (S. demissum S. simplicifolium) 
P.1.161179-1 P.1.195200 
x var. Katahdin—WRF 471.2 


bo 


demissum S. saltense ) 
P.I.161179-1 P.I.189217 
var. Katahdin—WRF 456.2 


demissum S. berthautltii ) 
P.1.160230-3 P.1.195174 
var. Katahdin—WRF 393.1 


demissum S. gibberulosum) 
P.I.161732-3 P.I.189215 
< var Katahdin—WRF 406.1 


demissum X S. goniocalyx ) 
P.1.161169-1 P.1.195186 
< var. Katahdin—WRF 412.1 


6. (S. demissumX S. gigantophyllum) 
P.1.161693-3 P.1.195185 
x var. Katahdin—WRF 409.1 


N 
Ww 


demissum S. phureja) 
P.1.161179-1 Krantz 
x var. Katahdin—WRF 433.2 


Not all the seeds obtained were viable. 
A few, profuse flowering hybrids with 
48 somatic chromosomes were obtained 
in each case. 

Analysis of meiosis was done using a 
technique employed by Swaminathan 
et al.*8, which gave consistently good 


*Paper No. 704, from the Department of Genetics, University of Wisconsin, in cooperation 
with the Crops Research Division, ARS, USDA. Supported in part by the Research Committee 
of the Graduate School from funds supplied by the Wisconsin Alumni Research Foundation. 
The authors wish to express their sincere thanks to Dr. G. H. Kieman for co-operation, and to 


Mr. Roman Ross for assistance with field and greenhouse work. 


Co-operation from the Inter- 


regional Potato Introduction Project IR-1, is also hereby acknowledged. 
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CYTOLOGY OF FOUR SOLANUM CROSSES 
Figure 10 
A—(S. demissum X S. phureja) X var. Katahdin. Diakinesis showing a quadrivalent with 
advanced terminalization (* 1372). B—(S. demissum X S. simplicifolium) var. Katahdin 
at metaphase . Four quadrivalents are present (x 1608). C—(S. demissum X S. gibberulosum) 


var. Katahdin at metaphase I with 21 + lin + 71+ 15n (X 1921). D—(S. demissum x S. 
simplicifolium) > var. Katahdin. Metaphase I showing M-shaped pentavalent ( 3215). 
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Cc D 
MEIOTIC BEHAVIOR OF FOUR HYBRIDS 
Figure 11 


A—(S. demissum X S. gibberulosum) var. Katahdin at anaphase I showing a large 
number of laggards. Some of the univalents are dividing ( 2078). B—(S. demissum *« 8S, 
goniocalyx) X var. Katahdin. First division restitution nucleus (x 3215). C—(S. demisswin 
x S. saltense) X var. Katahdin at metaphase II with many chromosomes lying in the 
cytoplasm away from both the spindles (x 1608). D—(S. demissum & S. gigahtophyllum) 
x var. Katahdin. Second division restitution nuclei ( 1921). 
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Details of 


TABLE I. 


id x diploid) tetraploid S$. tuberosum var. Katahdin 


Range of pollen 


To diameter in 


stainable 


balanced with irregu- 


v 
3 

x 


Maximum} 


Minimum 


larities at 


nuclei 


studied 


number 


Species Hybrids* 


(S. demissum X S. simplicifolium) Katahdin .1 


(S. demissum X 8S. saltense) XK var. Katahdin 


(S. dimissum X 8. berthaultii) XX var. Katahdin 


(S. demissum X S. gibberulosum) X var. Katahdin 
(S. dimissum X 8. goniocalyx) var. Katahdin 
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(S. demissum X S. gigantophyllum) X var. Katahdin 


(S. demissum X S. phureja) X var. Katahdin 


ature of some of these diploid species. 


» and IV for quadrivalents. 


aximum values are due to the presence of giant pollen. 


*Hawkes® classification may be used for the recent nomencl 


fLet I stand for univalents, III for trivalents 


of the m 


results with this material. Different pre- 
treatments were necessary in many 
cases to obtain preparations with well- 
spread chromosomes. A good differen- 
tiation was obtained using a mixture of 
propiono and aceto-carmine in suitable 
proportions. Stages of meiosis ranging 
from prophase to tetrads were frequently 
present in the anthers of a single bud 
and stages from prophase to anaphase II 
commonly occurred in a single anther. 


Experimental Results 
Diakinesis 

The earlier stages of prophase do not lend 
themselves to accurate analysis. Suitable prep- 
arations of diakinesis and later stages are 
easily obtained. Multivalents are present in a 
large number of pollen-mother-cells in addi- 
tion to bivalents and occasional univalents. 
There appears to be a reduction in the quadri- 
valent frequency in most of these hybrids be- 
tween early diakinesis and metaphase I, as is 
clearly shown in Figure 104, where a quadri- 
valent at an advanced terminalization stage 
appears to be about to fall apart into two 
bivalents. One to three nucleoli may occur. 
Metaphase I 

The meiotic configurations exhibit such 
divergent a variation that their maximum 
frequency cannot be easily determined. There 
are various combinations of quadrivalents, tri- 
valents, bivalents and univalents (Table I). 
In a majority of the microsporocytes, multi- 
valents, mainly quadrivalents and trivalents, 
are quite common (Figure 10B and C) ; rarely 
cells contain only bivalents plus univalents. 

Higher associations such as pentavalent are 
also noted in two instances in one hybrid 
(S. demissum X S. simplicifolium) X var. 
Katahdin (Figure 4). Precocious separation 
of certain bivalents into univalents also occurs 
at this stage. Occasionally in each hybrid, cells 
having a variable number of chromosomes but 
often fewer than 2n = 48 are present. This 
suggests the evidence of irregularities in pre- 
meiotic mitoses. 

Non-orientation of some rod-type bivalents 
which may or may not reach the equatorial 
plate occasionally occurs. It is considered that 
interchromosomal repulsion on a crowded plate 
is responsible for non-congression and non- 
orientation of the bivalents is due to increased 
distance between the centromeres. If repul- 
sion is the effective agent in orientation, the 
rod bivalents will have a greater possibility of 
becoming non-oriented because of the greater 
distance between centromeres, which results 
in less repulsion. 


Anaphase I 

This stage is frequently irregular. Variable 
numbers of lagging chromosomes are present 
in the different hybrids (Figure 114). Unival- 


| 
| 
288 
} 
x 
FINNMANAA A! 
| 
| j | 
a. | | 
| | 
| 
= 
| 
| 
| HEP EES 
| | 
£ 
| 
| | 
3 | 
| 
| 28 ecooomoce 
Z 
‘ | 
| 
= | 
& 
| 
| 
| 
ay 


A ‘ 


ABNORMAL MEIOSIS 


Figure 12 


A—(S. demissum & S. berthaultii) * var. Katahdin at late telophase II. Five chromosomal 
groups (x 1451). B—(S. demissum & S. goniocalyx) var. Katahdin. Sporad stage showing 


a hexad ( 1137). 


ents at this stage may reach the poles divided 
or undivided or may lag and split (Figure 
11.4). Delayed separation of certain bivalents, 
possibly due to the arrest of chiasma movement, 
may occur. Such belated separation of chro- 
mosomes is suggested to be probably due to a 
change in the homology, of the paired chromo- 
somes which result in the arrest of terminal- 
ization of chiasmata. Occasionally chromatin 
bridges and fragments are present. 


Interphase 

A iew chromosomes often remain off the 
spindles and may be lost in the cytoplasm. 
The number of chromosomes included in the 
daughter nuclei is thus variable. Univalents 
may show evidences of splitting. Chromosomes 
which failed to become incorporated in the 
interphase nuclei may also form micronuclei. 
The number of nucleoli is variable. 


Metaphase II 

The number of chromosomes on the meta- 
phase II plates is frequently variable in these 
hybrids. A few chromosomes often lie away 
from influences of the spindles and thus they 
can not move to the poles (Figure 11C). Such 
chromosomes are commonly lost in the cyto- 
plasm. The percentage of unbalanced nuclei 
at this stage is given in Table I. 


Restitution nuclei 

First and second division restitution nuclei 
are occasionally present (Figure 112 and D). 
This may be due to the failure of anaphasic 
movement following separation of the chromo- 
somes. The second division may then proceed 
normally and produce dyads of spores. This 
may also result from the fusion of the meta- 
phase plates at second division. If restitution 
occurs again in these cells during the course 
of the second division, a monad will be formed. 


Anaphase II to Telophase Il 

Lagging chromosomes are commonly pres- 
ent. The number varies in the different hy- 
brids. A few chromosomes often remain scat- 
tered in the cytoplasm. Broken chromatin 
bridges may be rarely present. Due to the 
meiotic abnormalities described above, more 
than four chromosomal groups are frequently 
present at telophase II (Figure 12.4). The per- 
centage of abnormalities at these stages is 
presented in Table I. 
Sporad stage 


In addition to tetrads, monads, dyads, triads, 
pentads and hexad may also occur (Figure 


12B). The presence of a variable number of 
micronuclei in the various hybrids is a usual 
feature. 
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Pollen and seed production 

Interplant and interconal variations as re- 
gards pollen stainability is not uncommon in 
these hybrids. Pollen stainability is low in 
most of them (Table I). Pollen grains vary 
in size in each hybrid, with an occasional giant 
pollen grain. The pollen diameter in microns 
with minimum and maximum value in each 
case is presented in Table I. The occurrence 
of micronuclei and frequent presence of multi- 
_ ple chromosomal groups at late telophase II 
may offer a suggestion for the variability of 
pollen grains. 

A few seeds are obtained in all the F; 
crosses after numerous cross pollinations. All 
the seeds are not equally viable. Irregularities 
in pollen and seed production can be explained 
to a great extent on the basis of abnormal 
meiosis, but other factors like genetical, physio- 
logical and environmental conditions also ap- 
pear to be involved. 


Discussion 
1) Meiosis and nature of pairing in 
species hybrids 

The singularity of chromosome pairing in 
the genus Solanum and the difficulties attend- 
ing genomic analysis of the tetraploid hybrids 
obtained from 6n XX 2n matings, the pistillate 
parents in this study, have been discussed in 
detail by Magoon et al.15, The interpretation 
of chromosome associations in the triple hy- 
brids under consideration is still more compli- 
cated. The contribution made by the synthetic 
tetraploid would depend on the nature of 
chromosome pairing. If the multivalents arise 
from a combination of auto- and allosyndetic 
pairing!5, the makeup of the resulting gametes 
would be highly variable depending upon the 
mode of separation of the multivalents in the 
synthetic tetraploid. Also, the genomic com- 
position of the other parent, S. tuberosum is 
itself controversial. Some workers are of the 
opinion that its gametic set is composed of 
two homologous genomes of 12 chromosomes 
each, while others consider that the set consists 
of more than two or as many as four genomes. 
In either case, if chromosomes of these gen- 
omes pair among themselves autosyndetically, 
the transfer of genetic material from S. demis- 
sum to S. tuberosum would be prevented and 
this may defeat the main objective of the 
crosses. If, on the other hand, allosyndesis 
occurs between S. demissum and S. tuberosum 
genomes, such gene transfer is possible. 

The formation of 24 bivalents in the penta- 
ploid hybrid between S. demissum and_ S. 
tuberosum var. Katahdin? could be _ inter- 
preted as indicating allosyndetic pairing. How- 
ever, the fact that in polyhaploids of S. demis- 
sum8 and S. tuberosum,®.21 as many as 12 
bivalents could be formed would lead one to 
expect the formation of a larger number of 
quadrivalents than has been reported to occur 
(0.187/cell) by Howard and Swaminathan? 
in the pentaploid hybrid. 
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This low frequency of quadrivalents in the 
above-mentioned pentaploid hybrid would, 
therefore, suggest that the pairing may be 
within the S. demissum and S. tuberosum 
genomes, the occasional quadrivalents may be 
due to autosyndetic and allosyndetic pairing 
due to autosyndetic pairing within either of 
them3.4,5,11,19,20, 

The much higher frequency of quadrivalent 
formation in the triple hybrid under study is 
not easy to analyze, for the exact contribution 
of the synthetic tetraploid is not known. If 
quadrivalent formation in the synthetic tetra- 
ploid follows the method of pairing suggested 
by Magoon et al.15 and if regular genetical 
as well as numerical disjunction of the quadri- 
valent occurs, some gametes produced by the 
synthetic tetraploids may be expected to re- 
ceive one demisswm and one diploid species 
chromosome from the disjunction of each of 
the quadrivalents. The formation of the quad- 
rivalents in the triple hybrid can then be ex- 
pected if (1) the diploid species chromosome 
has some partial homology with the S. tuber- 
osum set so that a tuberosum-tuberosum- 
diploid-demissum association is formed or (2) 
if the S. demissum chromosomes have some 
homology with the S. tuberosum chromosomes, 
though this homology is not expressed in the 
pentaploid hybrid due to preferential pairing. 
The probability of such association, however, 
would seem to be low. In either case, there 
would appear to be some slight chance of 
direct or indirect gene transfer between S. 
tuberosum and S. demissum genomes. Such 
transfer would, of course, depend on the type 
of pairing assumed being realized and would 
be of economic interest only if the desirable 
gene is located on those S. demissum chromo- 
somes which participate in the formation of 
quadrivalents or trivalents in the triple hy- 
brids. It is, however, difficult to know defi- 
nitely whether any pairing between S. demis- 
sum and S. tuberosum chromosomes is taking 
place. However, such pairing cannot be ruled 
out and it is not possible to discriminate clear- 
ly between these alternatives. Even the de- 
tailed and exhaustive genetic analyses of 
Black? and Mastenbroek!7,18 do not enable 
one to decide definitely whether or not allo- 
syndesis is occurring to any extent in the 
pentaploid. The extensive study of inheritance 
in such hybrids by these workers has been 
based on later backcross generations and the 
derivatives concerned are chromosomally S. 
tuberosum with the addition of the resistance 
genes. Such an interpretation of these deriva- 
tives is supported by their normal meiotic be- 
havior. Undoubtedly the transfer of the genes 
for resistance to late blight must be assumed 
to occur, but there does not appear to be any 
way of deciding whether this takes place due 
to allosyndesis in the pentaploid hybrid or in 
the later backcross generation when the S. 
demissum genome, reduced to the basic con- 
dition, exhibits partial homology with S. 
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tuberosum chromosomes, as has been postu- 
lated to occur in the triple hybrids under 
hypothesis (2) (see above). Both possibilities 
can obviously give rise to such gene transfer 
and, therefore, cannot be differentiated on the 
basis of these results. But, as pointed out 
above, if allosyndesis is assumed, the reason 
for the low frequency of quadrivalents is not 
clear. The studies of Lehmann!°, Puskarvev2% 
and Reddick*4 on the behavior of the earlier 
generations would have been more interesting 
if they had been correlated with the cytological 
picture. For instance it is not clear whether 
the resistant plants noted as occurring with 
low frequency by these authors and by Ru- 
dorf26 are addition or substitution selections 
involving some S. demisswm chromosomes or 
are selections in which the genes concerned 
have been transferred to the S. tuberosum 
genomes. The sharp decrease in the percent- 
age of resistant seedlings in the Fz and the 
backcross noted by Puskarvev?% could be 
expected to occur under the assumption of 
allo- or autosyndesis in the pentaploid F;. For 
in the first case the four S. demitssum chromo- 
somes carrying the resistance genes (which 
have been shown by Black to be independent 
of each other) will separate from partially 
homologous S. tuberosum chromosomes, while 
under the latter assumption they will separate 
from partially homologous S. demissum chro- 
mosomes. In either case the distribution of 
the four genes to the gametes will be at ran- 
dom and the resulting progenies will include 
similar proportions of blight resistant plants. 
Further critical cytogenetical studies are 
needed for a proper evaluation of these alterna- 
tives. In addition to the low frequency of such 
gene transfer, other meiotic abnormalities re- 
ported here are likely to reduce the value of 
such “bridging crosses” to the plant breeder. 

The behavior of univalents is variable. The 
presence of univalents as early as diakinesis 
and their consistent presence at metaphase I 
in the hybrids under consideration suggest 
that in addition to probable precocious separa- 
tion, lack of homology due to structural differ- 
ences as well as genetic and other factors may 
be involved. 

It has been shown by various workers!2.18,14,25 
that chromatin bridges and fragments arise fol- 
lowing crossing-over within an inversion re- 
gion and thus indicate the existence of struc- 
tural heterozygosity. The belated separation of 
a variable number of bivalents recorded occa- 
sionally in these hybrids is probably due to 
the arrest of terminalization of chiasmata 
which may result from a change in the homol- 
ogy of the paired chromosomes. The presence 
of such abnormalities as well as dicentric 
bridges and fragments and various other ir- 
regularities point to the existence of cyto- 
logically detectable structural differences be- 
tween the chromosomes of some of these spe- 
cies and suggest that such differences in addi- 
tion to gene mutation and substitution?? and 
“cryptic” structural differences’.27 may have 
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also contributed to species differentiation in 
the section, Tuberarium of the genus Solanum. 

The occurrence of nuinerous irregularities 
at various stages of meiosis results in a loss of 
genetic material and variability of chromosome 
number in the progeny. These also lead to 
low pollen and seed production. 


2) Utility of the (6n-2n) method in 
breeding 

Black!, in order to overcome the instability 
inherent in the pentaploid hybrid between 
S. demissum and S. tuberosum, suggested that 
synthesizing artificial tetraploids by crossing 
S. demissum with diploid species and then 
crossing these hybrids with S. tuberosum 
would lead to a regularity of meiosis. Using 
this procedure he obtained 48-chromosome 
triple hybrids and found them to be highly 
fertile. Thomas?9 from his preliminary cyto- 
logical investigation of this triple hybrid con- 
cluded that “chromosome differentiation in 
these related species is not sufficient to affect 
pairing to any extent.” A high degree of 
meiotic regularity with about 24 bivalents at 
metaphase I was noted by Bains (unpublished ; 
vide Swaminathan and Howard29) and How- 
ard and Swaminathan? in a similar hybrid. 
On the basis of such regularity of meiosis, 
Howard and Swaminathan? supported the 
method of breeding suggested by Black. 

The results of F: hybrids between 6n and 
2n matings as reported by Magoon et a/15, 
as well as the observations recorded in this 
investigation and other unpublished data on 
additional similar types of hybrids, do not 
fully support this suggestion. Meiosis seems 
to be rather irregular with multivalent forma- 
tion as well as many other abnormalities; e.g., 
inversion bridges, lagging and elimination of 
chromosomes at various stages of meiosis. 
These often lead to a loss of genetic material. 
The triple hybrids show a great deal of steril- 
ity and very few seeds are obtained. All the 
synthetic tetraploids between S. demissum and 
diploid species likewise, have a highly irregular 
meiosis and produce very few seeds. All the 
hybrids failed to produce seed on selfing in 
contrast to the hybrids reported by Black}. 
The lower seed set is a great handicap if the 
large populations required for the selection of 
suitable recombinants are to be obtained. 

Furthermore, it is likely that part of the 
S. demissum genome may be eliminated from 
or not included in a particular progeny. To 
the extent that the genes controlling desirable 
characters are situated on these chromosomes, 
they will either be lost to the breeder or the 
desired combinations may not be easily ob- 
tained. 

Since megasporogenesis in the hybrids under 
consideration has not been examined, there is 
no direct information in this respect. How- 
ever, the seed set was very low when the 
hybrids were used as pistillate parents and 
crossed with a fertile S. tuberosum. This is 
in marked contrast to the satisfactory seed set 
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obtained when many of the meiotically-irregu- 
lar S. tuberosum selections are pollinated with 
pollen obtained from a fertile S. tuberosum. 
It is clear from the foregoing facts that 
contrary to theoretical expectation, these tetra- 
ploid hybrids do not have the expected regu- 
larity of meiosis and do not seem to possess 
the expected advantages for a large scale 
utilization in the breeding program. 


Summary 

The course of microsporogenesis in certain 
clones of seven triple hybrids, obtained after 
numerous cross pollinations is described. Mei- 
osis is very irregular in many of the micro- 
sporocytes in all the hybrids. Multivalents, 
univalents, lagging and elimination of chromo- 
somes, chromatin bridges and fragments, and 
several other types of irregularities are pres- 
ent. These result in a loss of genetic material 
and lead to poor pollen and seed production 
and also variability of chromosome number in 
the progeny. The extremely low seed set 
is a great handicap, if large populations, re- 
quired for selecting out suitable recombinants, 
are desired. The seed set is extremely low 
when the hybrids are used as females and 
crossed with a fertile S. tuberosum male. On 
the other hand, a good amount of seeds are 
obtained when many of the meiotically irregu- 
lar S. tuberosum selections are pollinated with 
a good S. tuberosum male. The triple hybrids 
do not show the expected regularity of meiosis 
and may not be suitable for a large scale 
utilization in a breeding program. 
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A simple propiono-carmine 


seven of the 53 released fish were recaptured 
within two months from the time of trans- 
plantation. The first group released consisted 
of 11 fish and five of these were caught in 
baited traps within four days, at a distance 
of one to three miles from the point of release. 
This is an indication that the albino fish trap 
very readily. 

The frequency of albino catfish seemed to 
increase for a short time in the Pamunkey 
and Mattaponi Rivers after 1944. This state- 
ment is based on reports of fishermen, who 
rarely caught an albino previously, but caught 
several hundred during the seasons of 1945 and 
1946. One fisherman reported catching up to 
a dozen every time he lifted his traps. The 
albino fish are still present; Mr. William H. 
Massman of the Virginia Fisheries Labora- 
tory has reported (personal communication ) 
two albinos among a total of 1,958 channel cat- 
fish caught in a survey (April 1956-February 
1958) of the Pamunkey River. The possibility 
that albino catfish may trap more readily than 
normal colored fish and the fact that extensive 
fishing was carried out in the Pamunkey and 
Mattaponi Rivers during the middle and late 
1940's, when fish were commanding a premium 
price, may bias the opinion that there was an 
increase in numbers during this period. The 
0.1 percent of albino catfish in the population 
found by Mr. Massman may be closer to the 
numbers that actually existed during the 1940's 
also. 

The most interesting observation is that 
large numbers of albino fish have existed along 
with the normal colored wild population over 
a period of years. Because of the feeding 
habits of catfish, probably the albinos are not 
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Further Notes on the Albino Catfish 
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at much disadvantage in secitiring food. None 
that has been seen has been emaciated. Cat- 
fish are normally protected from would-be 
predators by formidable spines, especially in 
the pectoral fins, and of course these would be 
of as much protection in the albinos as in the 
normal colored fish. 

It is assumed that the albino trait is reces- 
sive and that albino fish cross with pheno- 
typically normal fish. The factor (or factors) 
for albinism must be common in the York 
River drainage system and there are undoubt- 
edly many heterozygous, phenotypically nor- 
mal, colored fish there. 

The fact that albino catfish are no longer 
caught in the Chickahominy River is not sur- 
prising. It is known that some of the original 
transplants were caught and not released by 
the commercial fishermen and undoubtedly the 
others have perished. Assuming that the trait 
for albinism is due to a simple recessive gene, 
even if the albinos did mate with the normal 
colored native population, there would be no 
albino fish in the first generation. This is 
assuming that the albinos did not mate with 
each other; the probability of this happening 
is very low. The probability of one of the 
heterozygous offspring of a normal albino 
fish mating with another of like genetic con- 
stitution, or even back to one of the original 
albino transplants is also small, Assuming that 
the mating of an albino with a native fish did 
occur, there is a possibility that the trait may 
show up in future generations, 
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INHERITANCE OF FRUIT COLOR IN 
SWEET CHERRIES 


(Prunus avium) 
H. W. Focre* 


RUIT of Prunus avium, a diploid 

i species, exhibit a range of skin color 

from light yellow without blush to 
dark reddish-purple, usually referred to 
as mahogany in the trade. Intermediate 
colors are yellow with a pink blush, an 
overall light red and shades of mahogany 
from light to dark, almost black. Flesh 
color is either white (actually cream or 
yellow) or red. 

The presence of incompatibility groups 
in sweet cherries excludes the use of 
self-pollinations and limits the cross pol- 
linations possible. The ‘three most im- 
portant cherry varieties in the Pacific 
Northwest (Bing, Napoleon and Lam- 
bert), comprising almost the total acre- 
age except for necessary pollenizing va- 
rieties, are in the same pollination group. 
The virtual absence of genetic informa- 
tion probably can be attributed to these 
incompatabilities and the additional diffi- 
culty of obtaining germination of crossed 
seed. 

Sweet cherry varieties have been se- 
lected from chance crosses and appear to 
be heterozygous in many characteristics. 
Propagation by asexual means has pre- 
served their apparent heterozygosity. 
Hence variety crosses segregate in a 
manner equivalent to Fz populations. 

Crane and Lawrence! have shown that 
flesh color apparently is controlled by a 
single factor with white recessive to red. 
Lamb? presented data on light- and dark- 
fleshed cross combinations which fit ex- 
pected monohybrid ratios satisfactorily. 


Materials and Methods 
A group of 1,486 sweet cherry seed- 
lings from 15 variety crosses was planted 
in 1951 at the Irrigation Experiment 
Station, Prosser, Washington. Napoleon 


(Royal Ann), a white-fleshed variety 
with pink blush on the skin, and Bing, 
with red flesh and mahogany skin, were 
the female parents in all crosses. Fruit 
of all pollen parents were mahogany with 
red flesh. In four years of evaluation, 
1,227 seedlings (82 percent of the total 
number) were classified as to skin and 
flesh colors. Data on the remaining 18 
percent were not available because of 
elimination for undesirable tree char- 
acteristics. 

Classification of skin color was of 
necessity arbitrary because of the appar- 
ent gradation of red progeny from pink 
to dark mahogany. At that time no hy- 
pothesis had been formulated as to the 
inheritance of skin color. Hence the dis- 
crete classes pink, light red, light ma- 
hogany, mahogany, dark mahogany and 
“black” were selected to classify the ap- 
parently continuous distribution. 

This classification was complicated by 
the virtual impossibility of evaluating all 
seedlings at the same stage of maturity. 
Because of the large number of individ- 
uals to be classified for:economic char- 
acters of quality, size, firmness and 10 
other characteristics as well as for color, 
some were evaluated at a relatively early 
maturity during the peak ripening peri- 
od. Hence some seedlings may not have 
attained the full skin color. Flesh color 
classification was much easier because 
the range of red color apparently was re- 
lated to maturity and there was no inter- 
mediate pink class. 

Sixteen of the more promising selec- 
tions were backcrossed to Bing in 1955 
in an attempt to gain further information 
on color inheritance. Although some 
3,500 seeds were obtained from these 
backcrosses and were given after-ripen- 


*Irrigation Experiment Station, Prosser, Washington. Crops Research Division, Agricul- 
tural Research Service, U. S. Department of Agriculture and Washington Agricultural Experi- 
ment Stations cooperating. Scientific Paper No. 1707. Project 1073. 
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TABLE I. Freq distrib for flesh color and 

chi-square values based on expected red:white ratios 

of 1:1 and 3:1 for tleitees and Bing crosses, 
respectively 


Number Observed 


of seed- numbers 

Cross lings Red White x? 
Napoleon X Gill Peck 13 5 8 0.69 
XX Deacon 39 22 
Black Tartarian 6 3 

Van 10 5 0.00 

Giant 6 3 3 0.00 

x Republican 31 17, 14 0.29 

All Napoleon crosses Os. S$ 50 
Bing X Gil Peck 163 123 40 0.02 
" Deacon 91 0.18 
"SX Black Tartarian 142 112 30 1.14 
Ven 116 77 39 4.60* 
< Giant 266 187 79 3.13 

August Supreme 247 188 59 0.16 
"SX Seneca 5 3 2 0.60 

Big K 1 0 

All Bing crosses 832 290 0.43 


*p — .05- 02, 


TABLE II. Frequency distributions for skin color 
and chi-square values based on expected red:white 


ratios of 7:1 and 15:1 for Napoleon and Bing 
crosses, respectively 
Observed 
numbers 
Red 
(pink to 
dark 
mahog- 
Cross any) White x? 
N apoleon X Gil Peck 5. 81* 
Deacon 33 6 0.30 
X Black Tartarian 5 1 0.09 
X Van 9 1 0.06 
X Giant 2 2.38 
x Republic an 
All N apoleon crosses 237 
Bing x Gil Peck 155 8 0.50 
X Deacon 86 5 0.10 
Black Tartarian 131 #11) 0.54 
Van 109 7 0.09 
Giant QH 
X Republican 88 3 1.36 
August Supreme 234 13 0.41 
X Seneca 5 0 (0.33) 
All Bing crosses 1060 62. 0. 99 


*Pp = .02-.01 after continuity correction for the 
small population. 
<.01, 1 df. 


ing conditions comparable to the initial 
crosses, the resultant populations are too 
small to give reliable segregation ratios. 
It is not known whether the after-ripen- 
ing procedure was faulty in some detail 
or whether seed viability was affected by 
backcrossing. 
Results 


About 48 percent of the Napoleon crosses 
and 26 percent of the Bing crosses were white- 
fleshed, suggesting the probability that mono- 
hybrid segregation was operative. In Table I, 
the individual crosses were tested against the 
expected 1:1 and 3:1 ratios; in only one cross 
was the chi-square goodness- of-fit value sig- 
nificant (P between .05 and .02). This excep- 
tion was approximately a 2:1 ah and prob- 
ably a chance variation. These data appear to 
bear out the previously-published reports that 
white flesh color is recessive to red flesh and 
that a single factor controls flesh color. 

Skin color gave red-white ratios of approxi- 
mately 7:1 in the Napoleon crosses and 15:1 
in the Bing crosses, suggesting two epistatic 
factors. In Table II the individual crosses 
were tested by chi-square goodness-of-fit 
against the expected ratios of 7:1 and 15:1 
when incomplete dominant epitasis was as- 
sumed. In only one cross, a population of 13 


TABLE III. Frequency distributions for light and 
mahogany skin color an of er indi- 
viduals, assuming identical or closely linked factors 
for pamuannd skin color production and flesh color* 


Observed 
Light 
(white, Number 
pink of 
Mahog- or light possible 


Cross any red) crossovers 

N apoleon xX Gil Peck 5 8 0 
X Deacon 22 1 0 

Black Tartarian 3 3 0 

Van 5 5 0 

Giant 3 3 0 

B 4 Republican 17 14 0 

All Napoleon crosses 55 50 0 
Bing X Gil Peck 122 41 3 
"SX Deacon 70 21 0 
"SX Black Tartarian 113 29 1 
“SX Van 78 38 1 
Giant 188 78 l 
"SX Republican 71 20 0 
August Supreme 187 60 7 
Seneca 3 2 0 
" Big X 1 0 0 
All Bing crosses 83 289 13 


*Chi-square v bene approximately the same as es 


in Table I. 


1 df 
> 
5) 
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individuals, was the observed number signifi- 
cantly different from the expected. Two fac- 
tors appeared to control the inheritance of skin 
color and both dominants were required to 
produce full-mahogany color or darker. 

About 26 percent of the Bing seedlings 
showed an absence of characteristic mahogany 
color. These were white, pink, or light red; 
the remaining 74 percent were light to dark 
shades of mahogany. In the Napoleon seed- 
lings, 52 percent had mahogany skin. The fac- 
tor for mahogany color appeared to be the 
major skin color factor. The close similarity 
between the mahogany vs. non-mahogany 
(light) distributions in Table III and those 
for flesh color in Table I suggests that the 
factor controlling flesh color is also the major 
factor for skin color or very closely linked to 
it. 

Only 13 individuals in crossover classes were 
recorded. Each of these was in one of the 
border classes of light mahogany skin and 
white flesh or light red skin and red flesh. 
Each of these apparent crossover individuals 
could be due to misclassifications from evalua- 
tion at too early maturity for full expression 
of the color potential. These crossover types 
were not desirable color combinations and were 
discarded before the desirability of rechecking 
their skin color was realized. It is assumed 
that the factors are the same rather than close- 
ly linked factors. 

In developing a hypothesis as to the nature 
of inheritance of skin color, a second factor 
appeared to be producing the pink and light 
red classes. Table IV shows that the. light 
red :pink :white ratio approximates 1:2:1, sug- 
gesting incomplete dominance. The same fac- 


TABLE IV. F distrib 
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tor appears to be effective in complementing 
the major factor in producing the darker 
shades of mahogany. When these assumptions 
are used, the predicted phenotypes are those 
given in Table V. 

Potentially each of the genotypes might be 
different. However, the data as they were col- 
lected appear to fit best the assumed pheno- 
types given. Individuals classified as “black,” 
presumably double-dominant homozygotes, 
were not distinguished consistently so they 
were combined with the dark-mahogany class. 
Because of the difficulties in rating all individ- 
uals at the same stage of maturity, it would be 
extremely difficult to make the finer distinction 
between close shades of mahogany. The ap- 
parent continuous gradation from light mahog- 
any to almost black makes it seem probable 
that each genotype is slightly different. 

On the basis of these assumptions, the geno- 
type of Napoleon would be aaBb and that of 
the pollen parents 4aBb. Likewise, Bing would 
be predicted to be AaBb. In'the Napoleon 
crosses, the only genotype for the pollen par- 
ents which would give individuals in both the 
full-mahogany and white classes would be the 
double heterozygote. Likewise, the genotype of 
Bing would also appear to be the double het- 
erozygote because of individuals in the white 
and dark-mahogany classes in the Bing crosses. 

Although AaBB and Aabb in combination 
with the double heterozygote will each give 
3 mahogany:1 light, as was observed, 4aBB 
fails to produce any whites. Aabb was classi- 
fied as a light mahogany originally and would 
give a ratio of 2 dark mahogany :2 mahogany : 
2 light mahogany :1 pink:1 white. It appeared 
more probable that all the dark cherries used 
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had the genotype AaBb although admittedly 
Republican, for example, gives the impression 
of being a darker cherry than Van. The fact 
that Van fruit has considerable lustre while 
Republican is dull, along with maturity differ- 
ences, conceivably could explain the apparent 
ditferences in color. 

In Table IV the observed distributions were 
tested by chi-square goodness-of-fit against the 
resultant ratios on the assumption that Na- 
poleon is aaBb and each of the dark varieties 
is d4aBb. The respective ratios are 0 dark 
mahogany :3 mahogany:1 light mahogany :1 
light red:2 pink:1 white for the Napoleon 
crosses and 3:6:3:1:2:1 for the Bing crosses. 
Each of the Napoleon crosses appeared to fit 
the assumption but two of the Bing crosses 
were significantly different from expected 
ratios between the 5 and 2 percent levels. 
However, they were even poorer fits to an 
assumption of genotypes of Aabb or AaBB for 
the pollen parents. 

The skewness of the distributions of mahog- 
any classes toward the light types is thought 
to reflect the maturity difficulties mentioned 
earlier. Misclassification within the mahogany 
classes favoring the light mahogany class 
would result from evaluating the fruit before 
full color was attained.. Combining mahogany 
classes gives an excellent fit (P = .95-.50, 
12:1] ratio for the Bing x 
August Supreme cross. Although this fails to 
give a good fit for the Bing & Gil Peck 
cross, the major portion of the chi-square value 
is due to the light-red class. The observed 
mahogany number is exactly as expected. The 
most logical assumption, therefore, appears to 
be that skin color in sweet cherries is con- 
trolled by two factors. A major factor, which 
also controls flesh color, produces light mahog- 
any alone. A second factor complementing the 
major one produces full-mahogany color or 


darker and also produces pink and light red 
in the absence of the major factor. This sec- 
ond factor, and probably also the first, shows 
incomplete dominance. It is felt that each 
genotype is essentially a phenotype. However, 
the gradations are not of sufficient magnitude 
to permit clear-cut classification among the 
mahogany classes. This seems to explain the 
apparent quantitative nature of skin-color seg- 
regation. 


Summary 


The inheritance of skin and flesh color was 
studied in a group of 1,227 sweet cherry seed- 
lings from 15 variety crosses. Female parents 
were Napoleon, a variety with white-fleshed, 
pink-blushed fruit, and Bing, a variety with 
red-fleshed mahogany fruit. Pollen parents 
were all Bing type. 

Flesh color segregations fit monohybrid ra- 
tios in all but one cross with a probability be- 
tween .05 and .02. This was apparently a 
chance variation from the expected 3:1 ratio. 

Skin color, although first suggesting quan- 
titative segregation, gave red:white ratios of 
7:1 for Napoleon crosses and 15:1 for Bing 
crosses, indicating incomplete dominant epi- 
stasis. It is postulated that a major factor, 
identical with or very closely linked to the 
flesh-color factor, and an additional minor 
factor control skin color. The evidence indi- 
cates that both are incompletely dominant. 

The major factor apparently was necessary 
for the production of mahogany color and the 
minor for darkening the shade of mahogany. 
Alone in the heterozygous condition, this 
minor factor appeared to produce pink blush 
and when homozygous dominant it produced a 
light-red skin color. The lack of complete 
dominance of both factors appeared to make 
each genotype essentially a separate phenotype, 
giving the illusion of quantitative segregation. 


TABLE V. Genotypes, predicted phenotypes and expected ratios for skin color i i pl dominant 
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Actually, however, it was difficult to classify 
the mahogany phenotypes precisely because of 
the interference of maturity differences at the 
time of evaluation. 
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THE GENETIC BASIS OF SELECTION 


E™: OLUTIONISTS generally use the term 

‘natural selection” as an absqlute designa- 
tion of a process in nature, but in origin the 
term was comparative or analogical. Darwin 
departed from the fact, well-known since 
antiquity, that selective breeding by agricul- 
turalists can induce differences comparable to 
those among species. His discovery (along 
with Wallace and some predecessors of both) 
was of a natural equivalent of such breeding, 
and it was called natural selection in analogy 
with artificial selection, the prototype. It has 
often been stated that the basic flaw in Dar- 
win’s argument was his assumption of blending 
inheritance and that the theory of natural 
selection could be validated only after recog- 
nition of a particulate basis of heredity. In 
fact Darwin knew that artificial selective gains 
would be swamped and that breeds might re- 
vert to wild type if stocks were not kept iso- 
lated. Jf he had found a natural equivalent of 
artificial isolation as well as of artificial selec- 
tion, then his theory would have worked re- 
gardless of whether heredity is blending or 
particulate. This more basic failure is evident 
in Darwin's ambiguous use of the term “va- 
riety”, which he employed indiscriminately for 
variant individuals and for distinctive popu- 
lations. 

Darwin’s equation of artificial ‘and natural 
selection involved another serious ambiguity 
still not sufficiently clarified in many studies 
of evolution. Lerner, a student of prototypal 
artifical selection, points out this ambiguity, 
which inheres in usages of the term “fitness.” 
A breeder sets a morphological or physiologi- 
cal goal that suits his purposes: more meat, 
more milk, fancy plumage, and the like. Dar- 
win assumed that natural selection has anal- 
ogous morphological or physiological “goals” 
that serve the “purposes” of the organisms 
themselves by increasing their fitness. But 
natural selection, as modern evolutionists see 
it, has only one goal: comparative success in 


reproduction. Indeed, as Lerner says in differ- 
ent words, to say that natural selection pro- 
motes the reproduction of some and not of 
other genetically defined variants is a tautol- 
ogy. Natural fitness now has this sense and 
is measurable only as differential reproduction. 
Morphological and nonreproductive physiologi- 
cal characters involved in evolution cannot 
define fitness but only indirectly contribute to 
or detract from it. They are never selected 
for, in themselves, by natural selection al- 
though they are by artificial selection. Inci- 
dentally, it may contribute to continuing am- 
biguity that Lerner and others now use the 
old term “fitness” in this new technical sense, 
subtly but profoundly different from Darwin’s 
usage or the present vernacular. 

Thus artificial and natural selection are not 
so nearly equivalent as Darwin thought. Arti- 
ficial selection is not a controlled or experi- 
mental form of natural selection; it is quite a 
different process. Nevertheless it works with 
the same genetic materials, and it can reveal a 
great deal about how those materials operate 
in nature as well as in the barnyard. That was 
brilliantly exemplified in Lerner’s previous 
book Genetic Homeostasis (1954). That work 
was widely hailed as having profound impli- 
cations for genetics and evolution in general 
and not only for animal breeding. It is de- 
scription and not criticism to say that this is 
far less true of the present book, which despite 
its broad title is essentially a study of arti- 
ficial selection within single lines of “Men- 
delian” (i.e., sexual biparental) populations. 
The examples are all studies of the domestic 
fowl, although with implications for other 
domesticated animals. 

The first three, long (108 pages) chapters 
give an excellent summary of some aspects of 
modern general selection theory: the Men- 
delian population, polygenic inheritance, and 
the conservation of genetic variance. These 

(Continued on page 302) 
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COMPOUND 


STRUCTURE OF THE 


KINETOCHORE IN MAIZE 


A. Lima-DE-Fartra* 


e 


A 


CHROMOSOME 2 
Figure 13 
Chromosome 2 is illustrated. The kinetochore exhibits a large chromomere pair. ( 2500.) 


OR our understanding of the or- 
ganization of the chromosome at 
both the cytological and genetic lev- 
els it is necessary to know the structure 
and function of its components. The 
_ kinetochore is one of the chromosome s 
most important segments, not only be- 
cause it leads the chromosome in its 


movement’, but also because it shapes 
the pattern of the arms, interacts with 
other segments and influences the dis- 
tribution of most chromosome properties. 

Although excellent preparations of 
maize pachytene chromosomes may be 
readily obtained, cytologists and cyto- 
geneticists who have studied them for the 


*Institute of Genetics, University of Lund, Sweden. This work was carried out at the 
University of Illinois, Department of Botany, during a tenure of a Rockefeller Foundation 


fellowship. 
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CHROMOSOME 10 


Figure 14 
A and B show short arm, kinetochore and proximal region of long arm of chromosome 10. 


The kinetochore shows two large chromomere pairs and a third smaller one. 


B— x 2500.) 


last 20 to 30 years have described the 
kinetochore in this organism as an empty 
region and represented it in drawings by 
a large circle. 

This was most unfortunate since this 
classical organism together with Droso- 
phila contributed to establish most of our 
cytological and genetic concepts. The 
result has been that we have looked for 
many years at the kinetochore as an 
empty region deprived of structure and 
subsequently of genes or any specific 
activity. 

In the last 10 years our study of the 
kinetochore structure in other organisms 
has radically changed this picture (re- 
view in Lima-de-Faria’). But the maize 
chromosomes remained as a kind of ex- 


(dA—x 3700; 


ception to the now well established oc- 
currence of a complex structure within 
the kinetochore. 

During a study of pachytene chromo- 
somes of maize carried out at the Uni- 


‘versity of Illinois, the kinetochore of 


pachytene chromosomes was investigated 
by means of the squash technique com- 
monly used for this organism. Anthers 
were fixed in propionic acid—95 percent 
alcohol 1:3 and stored in a freezer. The 
P.M.C.’s were stained with aceto-car- 
mine as in the usual procedure. 

In many cells the kinetochore of pachy- 
tene chromosomes of corn exhibited with 
sharp clearness a quite complex structure 
(Figures 13-15). In maize, due to the 
existence of the chromomere size gradi- 
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Lima-de-Faria: Compound Structure of Maize Kinetochore 
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Figure 15 


ert on both sides of the kinetochore, this 
organelle can be very well delimited. 

The kinetochore appears to be com- 
posed of chromomeres and fibrils indis- 
tinguishable in stainability and morphol- 
ogy from those found in other regions of 
the chromosome. 

Asa rule one or two chromomere pairs 
are seen in each kinetochore (Figures 
13 and 14) but as many as three 
chromomere pairs separated by weakly 
stained fibrils may be observed (Figure 
13). 

The pattern is essentially the same as 
found in rye, Agapanthus and other or- 
ganisms* 5, Within the kinetochore of 
maize chromosomes there can be found 
as many as seven different segments: 
three chromomeres and four fibrils. This 
reveals that the structure is sufficiently 
complex to permit the occurrence of re- 


{ and B show chromosome 7 with three chromomeres at the kinetochore. 


(x 2500.) 


arrangements leading to the formation of 
kinetochores with different genetic con- 
stitutions. 

A functional differentiation among 
kinetochores of the chromosomes of 
maize was found by Gurgel!:*. At pachy- 
tene, kinetochores of nonhomologous 
chromosomes may associate as the kine- 
tochores of salivary gland chromosomes 
of Drosophila regularly do. This associa- 
tion in maize is less intimate than in 
Drosophila and it occurs sporadically. Of 
special significance is that Gurgel made a 
statistical analysis of the frequency of 
association and found that all kineto: 
chores associated at random except the 
one of chromosome 5. The frequency of 
association was much higher for this 
chromosome. 

This result can now be better inter- 
preted as the compound kinetochore 
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structure here described can be easily 
conceived to mutate or rearrange, leading 
to the formation of kinetochores with 
ditferent properties. 

McClintock® has shown that chromo- 
some 5 could be fragmented through the 
middle of its kinetochore, the two halves 
retaining their functional activity on the 
spindle. The functioning of one-half and 
the structural similarity of the segments 
reveals that the kinetochore of maize is a 
repeat. The kinetochore of rye is also a 
functional repeat, since a_ kinetochore 
with one chromomere and two fibrils 
(with about one-third of its elements) 
functions normally on the spindle, being 
perpetuated through mitosis and meiosis* 
and further each half of the kinetochore 
forms a separate iso-chromosome®. 

When the nucleolar organizer of maize 
chromosomes is split into two segments 
both retain their functional activity, but 
the large proximal segment of the nucle- 
olar organizer forms a smaller nucleolus 
than the small distal segment’. Similarly, 
a kinetochore with a deletion shows high- 
er ability to withstand elemination at 
meiosis and less power to influence the 
pattern of the arms‘. The elements of 
both the kinetochore and the nucleolar 
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organizer have the same essential prop- 
erties but they differ from each other 
in their functional power. 


Literature Cited 


1. Gurcet, J. A. The non-homologous as- 
sociations of centromeres and knobs of maize 
chromosomes at meiosis. Maize Genetics 
Cooperation News Letter 30:54-57. 1956. 

. —————, The non-homologous asso- 
ciations of centromeres and knobs of maize 
chromosomes at meiosis. Proc. X Int. Congr. 
Genetics 2:107. 1958. 

3. Lima-pe-Farta, A. The structure of 
the centromere of the chromosomes of rye. 
Hereditas 35:77-85. 1949. 

4. 


Structure and behavior of a 

chromosome derivative with, a deleted kineto- 

chore. 


Chromosoma 7:51-77. 1955 

a —. Structural differentiation of 
the kinetochore in rye and Agapanthus. 
Chromosoma 7 :78-89. 1955. 

6. - The role of the kinetochore 
in chromosome organization. Hereditas 42 :85- 
1956. 

Recent advances in_ a study 
of me kinetochore. Jnt. Rev. Cyt. 7 :123-157. 
1958. 

8. McCurntock, B. The relation of a par- 
ticular chromosomal element to the develop- 
ment of the nucleoli in Zea mays. Z. Zellf. u. 
Anat. 21:294-328. 1934. 

The production of homo- 
mani deficient tissues with mutant character- 
istics by means of the aberrant mitotic be- 
havior of ring-shaped chromosomes. Genetics 
23 :315-376. 1938. 


The Genetic Basis of Selection 
(Continued from page 298) 


chapters are of most general, evolutionary 
interest, and in addition to the topics indi- 
cated by their titles they stress the concept of 
coadaptation, in the genetic sense given that 
term by Dobzhansky. The next four chapters, 
the bulk of the book (150 pages) are for the 
most part concerned with the practical appli- 
cation of selection theory to animal breeding: 
response to selection pressure (including the 
relationship between artificial selection and 
natural fitness) ; selection based on additively 
genetic action (in practice usually by mass 
selection in single strains); selection when 
variance is non-additive (in practice usually 
involving hybridization) ; and improvement of 
specific traits (especially egg production in 
chickens). A final short (15 pages) chapter 
on prospects contains among other things the 
suggestion that radical procedures might pro- 
duce not merely new breeds but new species 
of domesticated animals, and the opinion that 
further study of coadaptation in the broadest 


sense of the term is most likely to increase 
understanding of evolution. 

It was somewhat puzzling to see this highly 
technical study advertised as combining a 
romantic and a classical outlook. The words 
are, in fact, the author’s but he explains that 
by “romantic” he means free and imaginative 
and by “classical” traditionally accepted or 
long-established. The book is indeed, as good 
books usually are, a blend of authoritative 
personal opinion and the consensus. The more 
difficult or detailed bits are segregated in a 
series of thirty “boxes” where “they may be 
taken or left alone.” The text outside the 
boxes is carefully and clearly written, but 
much of it will not be easy for anyone but a 
specialist. 


GerorcGE GAYLorpD SIMPSON 


American Museum of Natural History 
New York 24, New York 
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HE chromosome theory of sex de- 
termination leads to the expectation 
of equal proportions of the two 

sexes in the vertabrates, within the limits 
of sampling error. Actually, small but 
significant deviations of sex ratios from 
exact equality have been observed in a 
wide number of species. There is evi- 
dence in some species that the ratio at 
birth differs from that at conception, 
probably as a result of differential 
mortality. 

In the rat, Cuénot (Lush*, page 406) 
has reported a sex ratio, expressed as 
percent of males among all births, of 
51.2. King! made rather comprehensive 
studies of the sex ratio in the rat. Full 
brother X sister matings were practiced 
for 25 generations. During the first six 
generations 52.0 percent males were ob- 
tained among a total of 3,256 young. 
This was compared with a normal sex 
ratio of 50.9 percent males among 2,818 
non-inbred individuals. Deviation of the 
inbred lines was not significant and it 
was concluded that inbreeding per se 
did not affect the sex ratio. Starting 
with the seventh generation one inbred 
line was selected for an excess of males 
and another for an excess of females. 
Sex ratios of 55.0 and 47.6 percent males 
were obtained in the respective lines. 
When the two lines were combined a 
sex ratio of 50.1 percent males was ob- 
served among 25,452 voung. It was 
concluded that the inbred strain had 
been separated into two lines with differ- 


AxD Male XK BxH Female 


SEX RATIOS AND LITTER SIZE IN THE 
LABORATORY RAT 


J. F. Kipwett anp H. J. 


TABLE I. Numbers and sexes of rats in a four-way cross 


ent sex ratios. Slonaker and Card* con- 
cluded that the general effect on rats of 
a diet restricted to plant sources was to 
markedly reduce the proportion of males. 

This note presents an analysis of sex 
ratios and litter size observed in the 
laboratory rat under different nutritional 
and selection regimes. 


Materials and Methods 


These data were obtained from an experi- 
ment designed to study genetic-environmental 
interactions in the rat. Four highly inbred 
lines were used to form a four-way cross. Two 
of the inbred lines, an albino and a black, were 
obtained from the Animal Husbandry Depart- 
ment, University of California at Davis; a 
second albino line was obtained from the Ge- 
netics Department, University of California at 
Berkeley and the fourth, a hooded line, was 
developed in this laboratory from a commercial 
stock. Four lines were developed from the 
four-way cross. Two lines were maintained 
on the standard laboratory ration continuously 
and the other two on a ration consisting of 
65 percent standard and 35 percent alfalfa 
between weaning (28 days) and 70 days. One 
line on each ration was selected for 70 day 
weight and the other was selected at random. 
Mass or individual selection was practiced in 
the selected lines and random mating practiced 
in all lines, except that full sib matings were 
prohibited. Each line consisted of 10 males 
and 10 females. Females litter only once per 
generation. The young of each generation 
were born during a time interval of one to 
four weeks. In each generation matings were 
made when the youngest female reached 100 
days of age. Sex was determined on all young 
at birth, but litters were reduced to six at 
five days of age with an attempt to retain 
three males and three females per litter. With- 
in sex selection at that time was at random. 

The data consist of 561 young from 62 four- 
way cross litters and 1416 young from 160 


BxH Male & AxD Female 


Ave. Ave. 
litter % No. litter % 
Male Female Total size Male __ilitters Male Female Total size Male 
300 10.0 52.3 32 136 125 261 8.2 52.1 


30 157 143 
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litters of the first four generations subsequent 
to the four-way cross. Binomial, chi-square, 
and analysis of variance techniques as de- 
scribed by Snedecor* were utilized in treating 
the data. 


Results and Discussion 

The numbers and sexes of the rats studied 
are classified by line and generation in Tables 
I and II. It appears reasonable and convenient 
to consider the four-way cross rats apart from 
the others. The average size of the litters 
sired by the A & D males was 10.0 while the 
average of those sired by the B H males 
was 8.2. The difference, 1.8, was significant at 
the 1 percent level. The 5 percent confidence 
limits of the difference was 1.2 to 2.4 rats per 
litter. 

The slight difference in sex ratio between 
the two lines was not significant, nor did the 
sex ratio of the entire group, 52.2 percent 
males differ significantly from 50.0 percent. 

Since, in the rat, the male is the hetero- 
gametic sex it follows that if sex linked reces- 
sive embryonic lethals were of appreciable im- 
portance there might be a relation between 
litter size and sex ratio; the smaller litters 
being deficient in males. Among the four-way 
cross rats, litter size ranged from five to 14. 
Analysis of variance, using the arc-sine trans- 
formation, indicated no effect of litter size on 
sex ratio. 

The two nutritional regimes, standard and 
alfalfa; the two selection procedures, selected 
and random, and the four generations may be 
treated as a 2 X x 4 factorial design. 
Analysis of variance with respect to litter size 
indicated a significant difference between ra- 
tions, the average for standard being 9.2 and 
that for alfalfa being 8.5. There was also a 
significant Ration Generation interaction, 
which is presented in Table III. The rats on 
the standard ration had larger litters during 
the first two generations, but smaller litters 
during the last two. Litter size has tended to 
decrease on the standard ration and increase 
on alfalfa. 

Analysis of variance of sex ratio similar to 
that for litter size using the arc sine transfor- 
mation indicated no effect of Ration, Selection 
Plan, Generation or any of the interactions. 
There was no effect of litter size, which varied 
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from 4 to 14, on sex ratio. The hypothesis of 
a sex ratio of 50.0 percent was tested by chi- 
square analysis for each of the 16 line by 
generation subclasses. In no case was rejection 
indicated. Furthermore, total, pooled and 
heterogeneity, chi-square were non-significant. 
These data do not indicate a significant devia- 
tion from the expected equality of the two 
sexes. However, the sex ratio for all the data, 
51.4 percent males, is in close agreement with 
those observed by other investigators. : 


Summary and Conclusions 

Sex ratio and litter size were studied among 
1977 young from 222 litters. A four-way line 
cross foundation and four generations of each 
of four lines were involved. <A_ significant 
effect of ration and a Ration & Generation 
effect on litter size was observed. There was 
no evidence of similar effect on sex ratio. 
There was no relation between litter size and 
sex ratio. Although the sex ratio for the 
combined data, 51.4 percent males does not 
differ from 50.0 percent at the 5 percent level 
of significance it is in close agreement with 
that reported by other investigators. 


Literature Cited 

1. Kinc, Heten D. Studies in inbreeding. 
III. The effects of inbreeding, with selection, 
on the sex ratio of the albino rat. Jour. Exp. 
Zool. 27 :1-35. 1918. 

2. Lusu, J. L. Animal Breeding Plans. 
3rd Ed. 443 pgs. Iowa State College Press, 
Ames. 1945, 

3. Slonaker, J. R. and T. A. Card. The 
effect of a restricted diet. IV. On mortality 
cannibalism and sex ratio. Amer. Jour. Physio. 
64 :297-310. 1923. 

4. Snepecor, G. W. 
5th Ed. 534 pgs. Iowa 
Ames. 1956. 


Statistical Methods. 
State College Press, 


TABLE III. Litter size classified by ration and 
generation 


Generation 
Ration 2 


9.7 10.3 
8.4 8.0 


Standard 
Alfalfa 


TABLE II. Numbers and sexes of rats in first four generations, 10 litters in each line by generation sub class 


Standard 


Roughage 


Gener- 


ation Select 


Random 


Random Select 


To- 
tal 


Fe- 
Male Male male 


Male Male male 


Fe- 
Male male 


Fe- 
Male 


55.6 50 
48.2 47 
49.4 46 
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tion or review with a limit of eight printed pages. An article exceeding this 
limit will be charged at the rate of $20.00 for each additional page. Papers 
must be submitted solely to the JourNAL oF Herepity and must not be re- 
printed or translated without consent of the Editor. At least six months 
should be allowed for publication. 


Manuscripts: The entire manuscript should be typed double-space, al- 
lowing good margins. It is requested that captions and legends for figures be 
typed on sheets separate from the text. Footnotes are not desirable and should 
be avoided wherever possible. Purely descriptive matter should be incorpo- 
rated into the text, and literature citations should be treated as noted below. 
Titles should be condensed to fifty letters or less, with a short sub-head when 
necessary. Manuscripts will not be returned to the author. 


Illustrations: Tables and illustrations should be planned to fit the type- 
page (5 x 75@ inches). Tables should have a descriptive heading. Halftones 
and line drawings will be accepted in moderate numbers. Drawings must be 
submitted in a form suitable for cuts. Contributors will be expected to bear 
half of the cost for excessive numbers of half-tone illustrations. Original 
photographs should be submitted unmounted in the form of clear black and 
white prints on glossy paper. Care should be taken to see that they cannot be 
bent or folded in handling, and paper clips should not be used. All imperfec 
tions in the original copy are reproduced. 


References: References to the literature should be cited by the author's 
name and literature cited reference number e.g. (Smith and Jones®), or by 
the number alone where applicable. The bibliography should be arranged 
alphabetically by author under the heading, Literature Cited. Complete refer- 
ence is necessary and the arrangement should be as follows: Smith, L. C. 
and C. B. Jones. Inherited skin-defect in cattle. Jour. Hered. 32: 419-423. 
1941. 


Proofs and Reprints: Galley proofs will be sent to the author, and the 
corrected proof and reprint order should be returned to the Editor. Page 
proof will be sent, when time permits. One hundred reprints, without covers, 
are furnished free of charge to the author. 


All manuscripts and correspondence should be addressed to the Manag- 
ing Editor, JouRN 4 or Herepity, 1507 M Street, N. W., Washington 5, D. C. 
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The American Genetic Association 


An incorporated organization devoted to promoting a knowledge 
of the laws of heredity and their application to the improvement of 
plants, animals, and human racial stocks. 


Its membership is composed of men of science, teachers, publicists, 
physicians, clergymen, parents, students, horticulturists, and breeders 
of live stock throughout the world. 


The Association owns the JouRNAL oF HEREDITY, which is pub- 
lished bi-monthly and sent to each member without additional cost. 
Every member is thus a part owner of the JOURNAL. 


Membership imposes no burdensome obligations. The Association, 
which is co-operative in nature, welcomes assistance in research, but 
does not demand it. Members are invited to submit discussions of the 
results of their research, accompanied by new and unusual photo- 
graphs. All papers received will be given full consideration by the 


editorial board. 

Manuscripts should be sent to the Editorial Office of the JourNaL, 
1507 M Street, N. W., Washington 5, D. C. 

Proof: In order to facilitate prompt publication only galley proof 
will be sent to authors. 


Reprints: On request the author will receive gratis 100 reprints 
without covers. Additional copies will be furnished at cost. 


REQUIREMENTS FOR MEMBERSHIP 


Subject to the approval of the Council, any person interested in 
the improvement of the human race or the creation of better varieties 
of plants and animals, is eligible for membership. 


The Association welcomes all who are interested in its program, 
and the Secretary will be glad to answer any inquiries. 


Annual dues, giving the right to attend all meetings, and receive 
the JouURNAL OF HEREDITY, are $5.00 within the United States and its 
possessions ; $5.25 in Canada, and $6.00 in all other foreign countries; 
life membership, $100. Subscription to the JOURNAL is $7.0 00 per year 
(foreign postage extra.) 


If you are not already a member, and want to become one, or if 
you know of anyone who would be interested in membership, write to 


THE AMERICAN GENETIC ASSOCIATION 
Washington 5, D. C. 


